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CORRELATION OF CLINICAL AND ROENTGENOLOGICAL OBSERVATIONS IN 
PULMONARY TUBERCULOSIS: 


By HOMER L. SAMPSON, Trudeau Sanatorium, Trudeau, N. Y., and 
LAWRASON BROWN, M.D., Saranac Lake, N. Y. 


INTRODUCTION 


AY we express to you our keen 
M appreciation of the honor we have 
received in being asked to address 
this Congress. We come to you with 
feelings of deep gratitude for the help 
that we have received from many of the 


members, men who started us on our way 


when we began our work, among many 
others Cole, Dunham, Pancoast, and our 


life-long friend Harry Baetjer. We have 
followed the roentgenologic study of the 
lungs from the time when Blake found an 
exposure of eight hours necessary in order 
to get a picture of the bronchi filled with 
Wood’s metal until the present time, when 
many consider one-fifteenth of a second 
an over-exposure for a lung film. We 
wondered, in 1907, at Cole’s ability to 
state that disease existed in a certain por- 
tion of the lung, where a little later we 
heard rales develop. To-day we have 
progressed to the stage were we call no 
man sound pulmonically until his stereo- 
scopic roentgenograms have been found 
to be normal, and consider the roent- 
genologic study as much a part of the 
routine examination of the lungs as the 
stethoscopic, or, indeed, as the examina- 
tion of the sputum. We, too, have stood 
the jeers of some of our confréres for our 
faith in the roentgenogram but have 


' Read before the American Congress of Radiology, at Chicago, 
Sept. 25-30, 1933. 


watched many slowly accept this point of 
view. We have seen the belief that pul- 
monary tuberculosis begins at an apex re- 
placed by the opinion that it arises at the 
hilum, which is now—from further roent- 
genologic study—also abandoned. We 
have combated the view that physical 
signs were precise enough for use in classi- 
fication and insisted upon what, then, was 
considered too radical a view—that as a 
basis for classification the roentgenogram 
must replace physical signs for the sake 
of accuracy. This, as you know, has come 
to pass. We have seen thoracic surgery 
attain the advanced position it occupies 
to-day, due solely to the precise diagnosis 
of the extent of the pulmonary lesion made 
possible by a roentgenologic study. The 
significance of the pulmonary _roent- 
genogram in pulmonary tuberculosis is 
better appreciated when we recall that 
88 per cent of all patients with tubercu- 
losis are said to have the disease in their 
lungs, from which 15 per cent die, 15 per 
cent recover, and 70 per cent remain un- 
aware of the presence of the more or less 
important lesion. But even this is not 
all. The pathologists have adopted the 
technic of Dunham and have at autopsy 
removed the lungs from the _ thorax, 
inflated them to their usual size, and then 
radiographed them in order to discover in 
this way, and only in this way, certain 
finer pathologic changes. We cannot for- 
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Fig. 1. Physical signs more than x-ray findings: 
bacilli negative. Physical signs: left lung, moder- 
ately coarse rales throughout. X-ray findings: 
left lung, small amount of infiltration to second lobe 
on the right. 


bear suggesting that the roentgenograms 
may be likened to a pulmonary biopsy 
and, while a pathologic study of any 
given lung is limited, of course, to a single 
state, in a series of roentgenograms we 
have serial biopsies on lesions in a state 
of flux. These studies have greatly helped 
to banish ennui from the sanatorium. 
But, gentlemen, this stampede to roent- 
genologic study—-to the roentgenogram— 
has brought with it certain responsi- 
bilities which must fall upon your 
shoulders. We refer to the necessity of 
stressing the value of the former methods 
of pulmonary physical diagnosis, which 
for many, many reasons cannot be safely 
neglected. 


DIAGNOSIS 


Any study of a comparison of the rela- 
tive value of the findings obtained from 
the usual physical examination and from 
the roentgenologic examination suggests 
an immediate comparison of the more 
advanced patients. Before taking this 
up we would like to call to your attention 
the great importance of the detection of 
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Fig. 2. 
negative: bacilli negative. Physical signs: right 
lung, moderately coarse rales to third rib; left 
lung, moderately coarse rales to third rib. X-ray 
findings: negative. 


Physical signs positive, x-ray findings 


two intrapulmonary pathologic changes. 
We refer to the discovery of the earliest 
lesion of pulmonary tuberculosis and of 
the presence of any degree of cavitation, 
which is so important in treatment. It 
seems hardly necessary for us to repeat 
that primary infection in infancy or child- 
hood, producing a small patch of broncho- 
pneumonia, cannot be diagnosed by physi- 
cal signs and is rarely detected save by 
accident even by roentgenology until 
such time as it has been apparently healed 
and calcified or ossified. The same thing 
is true of the associated changes in the 
tracheobronchial lymph glands, which en- 
tirely escape detection by physical ex- 
amination and are not seen roentgeno- 
graphically until such time as they pro- 
ject their shadows into the high light of a 
bronchus or into the normal roentgenologic 
field. D’Espine’s sign has been shown 
by roentgenographic study to be of no 
value. The importance of the discovery 
of the primary infection is attested by 
thousands of dollars which have been 
spent during the last one or two decades 
for roentgenologic investigation, which 
alone localizes in the lung an infection 
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Fig. 3. Physical signs positive: bacilli negative. 


Physical signs: right lung, breathing broncho- 
vesicular, vocal resonance increased and rales to 
third rib. X-ray findings: negative. 


suggested by a positive tuberculin test. 
Physical signs tell us little of what happens 
in regard to tuberculosis in the lungs 
during that period when the disease ex- 
acts its least toll in human life. We re- 
fer to the interval between the time when 
the primary infection usually occurs and 
the development of definite adult pul- 
monary tuberculosis, possibly from the 
age of six or seven to puberty. Whether 
adult pulmonary tuberculosis is due to a 
hematogenous infection arising from the 
primary focus, or (as is now commonly 
assumed) from a re-infection upon a sensi- 
tized soil, will have to be solved later 
and roentgenology will play no small 
part in it. We feel that so far roent- 
genology has given some proof, lacking, 
of course, to physical signs, that the 
adult type as a rule does not arise directly 
by extension from the primary lesion. 
We base this upon our own observations 
and, furthermore, upon roentgenologic 
studies of the location of the primary 
lesion which has been shown to occur in 
a vast majority of cases in the lower lobe 
(77 per cent) and in the right lower lobe 


Fig. 4. Illustrative of the absence of physical 
signs of cavity in the presence of large bilateral apical 
cavities: bacilli Gaffky X. The physical signs 
present were moderately coarse rales in the upper 
half of each lung with impaired note on the right. 


in 67 per cent of all cases in one study 
(Heilig). 

The time is now upon us in the pre- 
vention of tuberculosis when it will no 
longer do for us to wait for the develop- 
ment of clinical pulmonary tuberculosis 
before attempting to control it. We must 
discover which individuals have definite 
pulmonary lesions and endeavor so to 
direct their lives that the disease, undis- 
coverable by physical signs, to be revealed 
only by roentgenology, may make no fur- 
ther. advances. We feel, furthermore, 
that, if by the age of 23 there are no paren- 
chymatous changes in the lung suggestive 
of pulmonary tuberculosis, only in rare 
instances, and then usually only when sub- 
jected to repeated and continuous in- 
fection, will the individual develop pul- 
monary tuberculosis. To carry this fur- 
ther back, recognizing for a long time the 
futility of physical examination in dis- 
covering such lesions, we have advocated 
for years that no child be allowed to leave 
school, and particularly high school, until 
a roentgenologic examination has been 
performed. This, we feel, would reveal 








the great majority of those who during 
the second, third, and fourth decades of 
life are likely to break down with clinical 
pulmonary tuberculosis, requiring strenu- 
ous and prolonged treatment. With Dr. 
Haskins, we have studied roentgenologi- 
cally all the school children of Saranac Lake 
for the past seven years, numbering over 
+,000. Of those showing parenchymal 
lesions and who had a physical examina- 
tion, numbering 79, only 7 had definite 
physical signs. 


MINIMAL PULMONARY TUBERCULOSIS 


In spite of Fowler’s assertion that the 
usual site of beginning pulmonary tubercu- 
losis is under the clavicle, for years the 
idea that it began at the very apex of the 
lung was commonly accepted. The rea- 
son for this was the fact that slight changes 
in breathing (roughened breathing, pro- 
longed expiration), possibly a slight in- 
crease in the vocal resonance. together with 
some more or less fancied change in the 
percussion note, did occur at the apex in 
some patients who later developed a fatal 
pulmonary tuberculosis. Many of these 
individuals were sent for treatment to the 
sanatorium where they helped swell the 
favorable statistics. Protests were ut- 
tered, and at the Trudeau Sanatorium we 
endeavored to meet the criticisms by 
giving every patient who had no tubercle 
bacilli in his sputum the subcutaneous 
tuberculin test. This was, however, far 
from satisfying. Indeed, the whole sub- 
ject remained in a fog until such time as 
roentgenology cleared it up. The roent- 
genogram revealed to us that the usual site 
of beginning clinical pulmonary tubercu- 
losis was in the upper lobe below the 
clavicle and the slight changes noted above 
were due to lesions—deep seated in some 
cases, in others healed—or, indeed, to no 
definitely determined pathologic changes 
and consequently of no moment. 

It is of some interest to note the findings 
in 280 patients with minimal pulmonary 
tuberculosis. This group, you will re- 
call, includes all those with the slightest 
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but still sufficient evidence on which to 
base a diagnosis of beginning pulmonary 


tuberculosis. After careful consideration 
the staff at the Trudeau Sanatorium came 
to the conclusion some years ago that 
moderately coarse rales at an apex were 
the only reliable data obtained on physical 
examination. In these 280 patients, such 
rales were present in 27 per cent, while a 
definite parenchymatous roentgenologic 
lesion was found in over 99 per cent. 
Hemoptysis was as frequent as rales 
(26 per cent), while pleuritic effusion oc- 
curred in 12 per cent. Tubercle bacilli 
in the sputum were found in 35 per cent. 
When in any group of 280 patients, 277 
have definite roentgenographic evidence 
of pulmonary tuberculosis and only 76 
present definite evidence of physical signs, 
the relative value of the two methods in 
minimal pulmonary tuberculosis needs no 
further discussion. 

In still another attempt to compare the 
relative values of physical signs and 
roentgenographic findings, 1,004 consecu- 
tive patients were studied, and the results 
are most interesting. In the first place, 
there was none with definite physical 
signs and a negative roentgenogram. In 
19, the physical signs suggested a greater 
extent of the lesion than the roentgeno- 
gram. In 211, the extent was equal by 
both methods. In 361, the roentgenogram 
revealed more extensive disease than was 
inferred from the physical signs. In 396, 
the roentgenogram showed definite evi- 
dence of pulmonary tuberculosis, while 
the physical signs were practically normal. 
If we can assume that the presence of 
cavity indicates a greater intensity of the 
disease, the roentgenogram again is far 
more accurate, for in 392 patients with ca- 
vity, only 58 (15 per cent) had physical signs 
suggestive of cavity. (See Diagram II.) 

In a study of 1,367 patients diagnosed 
as having pulmonary tuberculosis, a com- 
parison of the physical and roentgenologic 
findings brought to light that, while 68.5 
per cent of them had definite rales at an 
apex, over 99 per cent had definite roent- 
genologic changes. It is of some interest 
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DIAGRAM I.—INCIDENCE OF THE FIVE CARDINAL SYMPTOMS IN 280 CASES 
DIAGNOSED AS MINIMAL TUBERCULOSIS 


X-ray 
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to record the occurrence of the other 
cardinal criteria; tubercle bacilli, 61.5 


per cent; hemoptysis, 35.5 per cent; 
pleuritic effusion, 12 per cent. 

Several years ago one of us (L. B.) 
published a “‘blast’’ against the skeptics 
who, we considered, were unnecessarily 
belittling the value of the roentgenologic 
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study in cases diagnosed from the roent- 
genogram as having pulmonary tubercu- 
losis. From a study of 503 patients whose 
lungs presented only indefinite or no ab- 
normal physical signs, we were able to show 
that sooner or later over 8+ per cent pre- 
sented clear-cut clinical evidence of the 
disease. (See Table I.) 
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TABLE I.—503 CASES WITHOUT PHYSICAL SIGNS 
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Several studies of groups of patients 
whose roentgenograms showed no evidence 
of a parenchymatous change interpreted 
as tuberculous have been studied. In 
264 patients (Brown and Heise), in whom 
none of the five cardinal diagnostic criteria 
was present, followed after one to seven 
years, only two developed pulmonary 
tuberculosis and one of these had a carious 
rib and the other had tuberculous cervical 
adenitis at the time of observation.’ 
Another study of 2,600 consecutive cases 
showed 298 with negative roentgenograms 
and revealed that only two of these patients 
developed and died from tuberculosis. 
It is of interest to record that while in 
1916, 14.6 per cent of patients with 
negative roentgenograms were admitted, 
in 1932 the number had fallen to 4.5 
per cent. From this we are led to con- 
clude that, while formerly many patients 
with very equivocal signs were sent to the 
Trudeau Sanatorium with a diagnosis 
of pulmonary tuberculosis (for they were 
all thus diagnosed before admission), 
to-day the more extended use of the 
roentgenogram has greatly reduced the 
percentage. 

Another study of 312 patients without 
definite roentgenologic change presenting 
one or more of the other four cardinal 
diagnostic criteria revealed that 59 were 
said to have had tubercle bacilli in the 
sputum at some time, often before ad- 
mission, 81 rales at the apex, 68 rales at 
the base, 76 hemoptysis, and 28 pleural 
effusion. Of these, two died, one of whom 
had been reported as having had tubercle 
bacilli in the sputum, the other as having 
had hemoptysis. 





2 The five cardinal diagnostic criteria are tubercle bacilli, 
moderately coarse rales above the third rib and third vertebral 
spine, a parenchymatous roentgenologic lesion in the same 
area, hemoptysis, pleurisy with effusion. 


In a study of 1,000 patients at the Tru- 
deau Sanatorium, Heise and Brown con- 
cluded that rales lose in diagnostic sig- 
nificance as they occur in isolated areas 
from the upper third of the lung down- 
wards. Moderately coarse rales in the 
upper third of the lung are associated with 
a positive roentgenogram in 98 per cent, 
fine rales in the same location in 80 per 
cent. In 20 per cent of the patients in 
this group with positive roentgenograms, 
no rales were heard. 

The incidence of a parenchymal lesion 
in those cases having bacilli was 99.2 
per cent; with rales in apex 99.3 per cent; 
with hemoptysis 96.1 per cent, and with 
pleurisy with effusion, 98.5 per cent. The 
fact that only 96 per cent of those giving 
a history of hemoptysis had a parenchymal 
lesion, makes one wonder whether the 
“‘hemorrhage”’ came from the lung. 

Such observations as these are not ex- 
ceptional. Plunkett, Miller, and Hamon, 
Barnes, Soper, and Wilson, John Tillman, 
Loose, Becker, and others, have all ex- 
pressed more or less similar opinions. 

We would not have you believe, however, 
that physical signs can be safely omitted. 
The absence of liver dullness in the lower 
part of the right chest suggests pneumo- 
thorax in the absence of an abnormal ab- 
dominal condition, and dullness over 
Traube’s semilunar space may be helpful 
even in interpreting a roentgenogram. 


CLASSIFICATION 


The classification of pulmonary tubercu- 
losis has long been a stumbling block to the 
sanatorium physicians. The earliest sys- 
tems abroad were based entirely upon a 
study of the physical signs, but sooner or 
later they were recognized as_ unsatis- 
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TABLE II.—RECLASSIFICATION OF 1472 CASES 
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factory. In this country both symptoms symptoms and physical signs. Of the 





and physical signs were taken into con- 
sideration. Some fifteen years ago the 
American Sanatorium Association ap- 
pointed a committee to report upon the 
subject, which committee suggested that 
the classification should revert to one 
based upon physical signs. One of us op- 
posed the report and submitted a minority 
report suggesting that, as physical signs 
were notoriously uncertain in determining 
the extent and intensity of the disease, 
we should use the roentgenologic examina- 
tion as well. You know what has hap- 
pened. Physical signs have been aban- 
doned and to-day the roentgenogram reigns 
supreme, as we urged. It is of some in- 
terest for this as well as for other reasons 
to compare briefly the findings in pul- 
monary tuberculosis obtained from the 
physical signs and the roentgenogram. 

In the study of 1,004 patients which we 
have mentioned, you will recall that there 
was no instance wherein the physical signs 
were positive and the roentgenogram nega- 
tive for pulmonary tuberculosis; in 2 per 
cent the physical signs indicated a greater 
extent of involvement than the roent- 
genogram; in 21 per cent the extent of 
disease as indicated by each was the same; 
in 36 per cent the roentgenogram revealed 
more extensive disease than the physical 
signs, and in 39.6 per cent the roentgeno- 
gram showed involvement while the physi- 
cal signs were apparently normal. All 
future classifications must at least take the 
roentgenogram into consideration if they 
are not to be based largely upon it. 

Some years ago before one of your com- 
ponent bodies we reported the results of 
the re-classification of scme 1,472 patients, 
who previously had been classified by 


120 “‘suspects’”’ of the original classifica- 
tion, only 15 per cent remained in this 
group, while 71 per cent were found to be 
“non-tuberculous,” and 13 per cent “‘mini- 
mals.” Of the previous “minimals,” 33 
per cent remained in this group, 26 per 
cent were transferred to the ‘“‘non-tubercu- 
lous,’ 11 per cent to the ‘“‘suspected,”’ 
and 28 per cent to the ‘far advanced.”’ 
The ‘moderately advanced” group was 
the least affected, but 20 per cent of the 
‘far advanced” were transferred to the 
“moderately advanced.’ This needs no 
comment. Physical signs alone or grouped 
with symptoms constitute a fallacious 
basis for classification. The roentgeno- 
gram alone is sufficient. (See Table II.) 

When we consider the condition of the 
patient at any time toward the end of 
treatment, we are again confronted with a 
similar condition. Physical signs fail to 
tell the true condition of the patient which 
is more accurately revealed by the roent- 
genogram. Here serial roentgenograms 
are of great importance, for the disease is 
not truly arrested until changes in the 
roentgenogram for better or for worse no 
longer occur. This slow improvement of 
the condition, covering in certain instances 
a period of several years, has explained 
why some patients suffer relapse when 
apparently from the symptoms and physi- 
cal signs they are doing so well. The 
disease is still potentially active and slight 
indiscretions may sooner or later bring 
about relapse. 

Pathologists have attempted to classify 
pulmonary tuberculosis according to cer- 
tain types, the best known having at one 
extreme the acute exudative type (broncho- 
pneumonia), at the other the fibrous scar 
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or calcified nodule. To attempt this 
during life from a study of the physical 
signs is futile, but the roentgenogram 
does afford help and from its study we are 
enabled in some instances to state whether 
a proliferative or an exudative lesion pre- 
ponderates in certain areas of the lung. 
Again, the physical signs of miliary tuber- 
culosis are notoriously indefinite, while 
the roentgenogram lays bare the condition. 
We would like again to call to your atten- 
tion Cole’s very ingenious classification, 
published some years ago. 


CAVITY 


In no pulmonary lesion does roentgeno- 
logic study give greater assistance than in 
the detection of an intrapulmonary cavity, 
which naturally lends itself to such study. 
In the Trudeau Sanatorium, where for 
many decades patients with cavity de- 
tected by physical examination have been 
excluded, it is of interest to note that over 
40) per cent of the patients have cavities 
when studied roentgenologically. In a 
series of 392 consecutive patients with 
cavities, clearly shown on the roentgeno- 
gram, in only 15 per cent were there any 
physical signs even suggestive of cavita- 
tion. In another more recent study of 500 
patients with cavity, the classical physical 
signs interpreted as definitely indicating 
the presence of cavity were present in only 
») per cent. The detection of cavity by 
physical signs depends upon the size and 
location of the cavity and the increased 
density of the lung between the cavity 
and chest wall. If the bronchus drain- 
ing the cavity be closed by secretion or 
by twisting or stenosis, the cavity is 
silent. 

That fluid levels do occur in cavities all 
acknowledge, but that Gerhardt’s sign 
could occur is almost inconceivable save 
in giant cavities. Wintrich’s sign affords 
little help, roentgenologic study shows. 


’ The classical physical signs indicative of cavity include the 
following: tympanitic or cracked-pot note, markedly increased 
vocal resonance (intense bronchophony, pectoriloquy), am 
phoric or bronchial breathing, coarse, consonating, metallic, 
bubbling rales 
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Spurred on by the presence of large 
cavities in parts of the chest that appar- 
ently are accessible to detection by physical 
signs, some would have us accept what 
they call suggestive signs of vomica, 
e.g., broncho-vesicular breathing, harsh 
inspiration with coarse, moist, bubbling 
rales over a limited area below the second 
rib, or, again, even the rales alone below 
the clavicle when associated with a stormy 
course. But here again roentgenologic 
examination is urged (Debove, Dunham). 
Signs of cavity in the inner first inter- 
space frequently occur when the trachea 
is drawn markedly to one side. This 
error, as Webb has pointed out, can be 
avoided by noting the position of the 
trachea by palpation or on the rcent- 
genogram. 

In 145 cavities, detected by roentgeno- 
logic study, 45 per cent had physical 
signs of cavity and 66 were without the 
classical signs, in a study by Burns and 
Carrard. In this group, 42 were ab- 
solutely silent. They thought that ob- 
scured breathing in a suspected area was 
most suggestive. Fales is also of the 
opinion that over 50 per cent of all cavities 
are silent, and he found that in 245 
patients, 90 (36 per cent) had cavity but 
only 20 presented at least two of the 
criteria diagnostic of cavity. Ulrici esti- 
mated that over one-third of all cavities are 
silent. 

It must be regretfully confessed that the 
vast majority of all pulmonary cavities 
are ‘‘silent’’ and some also are invisible. 
Unfortunately again many cavities do 
develop when the patient is undoubtedly 
improving symptomatically and for months 
may remain silent. 

We have made a study of that type of 
cases which Archibald has called ‘‘good 
chronics.”” These patients must be in 
good general condition with good strength, 
have a normal temperature and _ pulse, 
tubercle bacilli usually present in the 
sputum, but the condition of the lungs 
must show an advanced stage of tubercu 
losis. Here, again, the physical signs are 
inacequate in the majority of the cases 
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Fig. 5. Physical signs essentially negative: bacilli 
Gaffky VII. Physical signs: right lung, breathing 
broncho-vesicular, vocal resonance increased, no 
rales. X-ray findings: moderately to far advanced. 


to portray the actual pulmonary condition, 
and once more we must turn to the roent- 
genologic examination. The details of 
this study will be published elsewhere but 
we might say that, selected in this way 
at the end of ten years, 52 per cent of the 
“good chronics’” are living and working, 
34 per cent are dead, while for the “bad 
chronics” the corresponding figures are 
11 per cent and 76 per cent. We might 
add that all these patients on roent- 
genologic examination had pulmonary 
cavity. 


ACTIVITY 


We have defined pathologic activity as 
that stage of a tuberculous process in 
which some change is taking place, whether 
progressive or retrogressive. Clinical ac- 
tivity, we hold, is that state in which the 
pathologic activity is not latent, but pro- 
duces (through actual and immediate ab- 
sorption of poisons) certain clinical or 
laboratory manifestations of disease, which 
disease may in turn be progressing, 
stationary, or even for the time retro- 
gressing. In other words, activity implies 
disease which is in a state of actual or 


Bacilli Gaffky VI, illustrating the dis- 
appearance of physical signs versus an increase in 


Fig. 6-A. 


size of cavity as revealed in roentgenogram. Ad- 
mission physical examination: right lung, rales to 
third rib, breathing broncho-vesicular and vocal 
resonance increased, also impaired note to clavicle 
and 3 V.S.; left lung, impaired note to clavicle and 
3 V.S. X-ray findings: right lung, infiltration to 
third rib; cavity in apex. 


potential increase or decrease in extent or 
intensity, or, indeed, in both. Repeated 
examinations by the usual means of physi- 
cal exploration or by roentgenograms in- 
dicate in many of these patients an in- 
crease of physical signs or of the shadows. 
It has long been recorded by one of us 
(L. B.) that an increase in the physical 
signs may accompany a very definite 
improvement in the clinical condition, 
which, years ago, led us to question the 
reliability of increasing physical signs as 
evidence of an advance of the disease. 
Not until the advent of the ‘pulmonary 
biopsy,” as we call the roentgenogram, 
could we obtain data which helped solve 
this problem. A comparison of physical 
signs and the roentgenogram showed that 
in such instances there was frequently a 
decrease of the pulmonary shadows, in- 
terpreted by us as a decrease of the 
pathologic process. Further interesting 
data came also to light. The physical 
signs in a number of cases remained the 
same, while the roentgenographic evidence 
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of disease showed a very definite increase. 
On comparison of serial roentgenograms, 
few question the evidence of activity based 
upon the observation of new “‘daughter”’ 
foci, as we may term the perifocal increase 
of shadows. 

The subject assumes an entirely differ- 
ent aspect if we attempt to determine 
activity from a single examination by 
physical exploration or from a single set 
of stereoroentgenograms. I have often 
recalled what Dr. E. L. Trudeau once told 
us. If he were led blindfolded, he said, 
to a patient and permitted to examine him 
only with his stethoscope, he would have 
great difficulty in deciding whether the 
patient was soon to be gathered to his 
fathers or in condition to return to work— 
probably an over-statement for emphasis 
of an important fact. Without doubt 
there are some rales that suggest activity, 
bubbling, consonating, and particularly 
crepitant, the last of which are so rarely 
heard in pulmonary tuberculosis that they 
are of no help. No other physical sign is 
of significance in the determination of 
activity. When we turn to the single set 
of stereoroentgenograms we have a very 
difficult and perplexing task in trying to 
determine activity. Here we must ever 
keep in mind that a small focus of active 
disease may be invisible, though, as a 
whole, the lesion may be inactive. It is 
likely that there is no problem connected 
with activity in which the personal equa- 
tion enters so largely, and yet a fair esti- 
mate may usually be made after some prac- 
tice with good, rapidly exposed roent- 
genograms. Certain shadows with  ill- 
defined borders, suggest to us activity, 
while those with clear-cut borders indicate 
an inactive condition. We have attempted 
to correlate these interpretations with 
what happened to 1,024 consecutive pa- 
tients during their residence in the Tru- 
deau Sanatorium. Of them, 434 (40.5 
per cent) were classified from a study of 
the roentgenogram as active, and in 63.3 
per cent of these subsequent roentgeno- 
grams revealed progression of the disease 
or artificial pneumothorax was adminis- 
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physical 
signs—right lung, impaired note to clavicle and 3 


Fig. 6-B. Discharge examination: 


V.S., no rales. X-ray findings—right lung, in- 


crease in size of cavity. 


tered. No attempt was made to deter- 
mine activity from the physical signs, but 
294 (30 per cent) were regarded sympto- 
matically as active and of these 52 per 
cent later showed a definite advance of 
the process. Of 125 patients who later 
relapsed, 88 per cent had been diagnosed 
as active from the roentgenogram, 45 
per cent from symptoms. 

Such evidence, we feel, points to the 
conclusion that the roentgenogram is 
vastly more important in the determina- 
tion of activity than the physical signs. 


PROGNOSIS 


From what we have said it is correct 
to infer that we place great significance 
upon the roentgenogram in determining 
the prognosis. The undue weight that 
the presence of a cavity lends to the 
prognosis amply justifies such a state- 
ment. Furthermore, the seriousness of 
the cavity depends in no small part upon 
the condition of the disease surrounding it, 
and this is revealed only by the roentgeno- 
gram. If Pirie be correct in his sug- 
gestion that the heart muscle atrophies 
relatively more than the other muscles, 
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and we all are aware of how much they 
atrophy, then special roentgenograms are 
again of much help. 


TREATMENT 


For over a hundred years students of 
pulmonary tuberculosis have turned to 
the study of the physical signs in an at- 
tempt to determine the course of the 
disease, and hours of painstaking endeavor 
and pages of description of minute differ- 
ences in questionable data have resulted. 
In a great number of patients the physical 
signs showed no change, while the patient 
improved markedly in every other way. 
In a certain number the signs decreased 
while the patients apparently grew worse. 
In others, the physical signs increased 
while the patients evidently improved. 
However, in a considerable number changes 
in both physical signs and improvement 
went hand in hand. Another condition 
has long troubled the clinician. As every- 
one knows, pulmonary tuberculosis in 
many patients neither advances nor retro- 
gresses steadily but does so by sudden 
changes. They suggest steps with wide 
treads and slight rises or falls, as you will. 
The usual picture is one in which the maxi- 
mum temperature increases slightly for 
several days and slight or moderate in- 
crease of symptoms takes place. Possibly 
the patient is thought to have a cold. 
Physical examination reveals no changes 
and the clinician is left in doubt in regard 
to what has happened and concerning how 
much rest he should prescribe. We can 
speak feelingly, for we have had to face 
this problem for over thirty years. It is 
impossible for anyone who has begun the 
study of pulmonary tuberculosis only 
since the time when the roentgenogram 
has become widely used to appreciate our 
former state of mind. The dreadful un- 
certainty, the impossibility of saying 
whether the patient was better or worse, 
whether the little upset was due to an ad- 
vance of the disease or to an intercurrent 
cold has now been almost entirely removed 
by the roentgenologic study. Serial roent- 


genograms enable us to quiet the fears of 
many patients, to return others to pro- 
longed rest with marked benefit, and, what 
is of no little importance, to remove that 
dreadfully distressing state of doubt—and 
later of remorse—for making a wrong 
guess. We are convinced that many of 
the phthisiologists have come to the con- 
clusion that in regard to the study of the 
physical condition of the lung in tubercu- 
losis the roentgenogram far excels any and 
all data obtainable from the usual methods 
of physical exploration. And, yet, gentle- 
men, for this very reason it seems to me 
that you have before you a very clear 
duty. You must stress the value of the 
physical examination whenever the op- 
portunity occurs, for you have now the 
whip hand. 


COLLAPSE THERAPY 


It seems rather useless to compare the 
value of physical signs and roentgenologic 
study in collapse therapy. Here pre- 
cision of diagnosis is highly important and 
the data recovered from physical signs too 
uncertain. We are free to confess that 
we would not abandon artificial pneumo- 
thorax even if we had no x-ray machine, 
but we would doubtless, when basing our 
decision entirely upon symptoms and 
physical examination, overlook many pa- 
tients who required such treatment and 
administer it to others who did not need 
it. When once begun, artificial pneumo- 
thorax so changes all physical signs that 
even those most expert with physical ex- 
amination are often left in a maze of doubt 
and uncertainty. When to give refills 
can be gauged with a certain degree of 
accuracy by the recurrence or increase of 
symptoms, but the last word is spoken 
by the fluoroscope or roentgenogram. 
The former enables us to postpone many 
refills or, more rarely, urges us to decrease 
the intervals. When the lung is once com- 
pletely separated from the chest wall 
physical examination, save for the detec- 
tion of fluid, is of litthe moment. Under 
these conditions cavities may still be held 
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Fig. 7-A. Illustrating physical signs worse, x-ray 
better: bacilli Gaffky II. Physical signs: admission 
examination, right lung, fine rales to clavicle; left 
lung, moderately coarse rales and impaired note 
to third rib. X-ray findings: admission examina- 
tion, right lung, infiltration to clavicle; left lung, 
infiltration throughout. 


open by adhesions, and roentgenologic 
study alone discloses it. 

It might be possible to practise intra- 
pleural pneumolysis without the roent- 
genogram, but we would hate to do so. 
Apart from artificial pneumothorax, opera- 
tion upon the phrenic nerve has become 
the most common procedure in collapse 
therapy. We cannot picture recommend- 
ing this operation except after roent- 
genologic study for the physical examina- 
tion is of little help. For the best results 
it is necessary to make certain that the 
cavity is thin-walled, that the lung is 
attempting to contract as evidenced by a 
shift of the mediastinum toward the 
cavity-containing lung, by a narrowing of 
the interspaces and a rise of the diaphragm. 
Only roentgenologic study yields accurate 
information along these lines. 

The detection of a movable, shifting 
mediastinum may present no _ physical 
signs of its presence and even the so-called 
mediastinal hernia follows the same rule. 
The extent of compression at any time is 
most easily determined by roentgenologic 


right 
X-ray find- 
ings: right lung, infiltration to clavicle; left lung, 
marked clearing of infiltration in the lower half. 


7-B. Physical examination: lung, 


left lung, rales throughout. 


Fig. 
negative; 


examination and when the lung is being 
allowed to re-expand and some anxiety 
exists as to whether or not it is safe to 
cease artificial pneumothorax entirely, 
whether or not a previous cavity has re- 
mained closed, only a roentgenogram will 
give sufficiently accurate information. Af- 
ter the cessation of artificial pneumothorax 
it may become most important to be able 
to note if the collapsed lung is really ex- 
panded or merely shifting toward the 
lateral wail. This information must be 
obtained in a similar manner, as well as 
suggestive data regarding the occurrence 
of a superimposed rupture. When the 
smooth homogeneous highlight or rarefied 
appearance of the pleura is changed to a 
mottled or irregular condition, when a 
greater degree of collapse is noted without 
any further introduction of air, such a 
condition may be present. 


COMPLICATIONS 


The pulmonary complications of pul- 
monary tuberculosis are rarely revealed 
by physical signs but are usually diagnosed 
antemortem, if diagnosed at all, from the 
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roentgenogram. We refer to tumors aris- 
ing in a tuberculous lung, bronchiectasis 
in a healing or healed tuberculous lung, 
localized atelectasis, and possibly bron- 
chial stenosis. Pleural complications, of- 
ten more readily accessible to physical 
examination, are frequently overlooked 
until discovered on roentgenologic study. 
Here we refer to the accessory lobes 
and their involvement, interlobar and 
mediastinal pleurisies, localized pneumo- 
thoraces. In the extrapulmonary compli- 
cations the physical signs are frequently as 
useless, the roentgenogram often as help- 
ful. Here we might mention intestinal 
tuberculosis, healed or healing tubercu- 
losis of the spleen, and renal tuberculosis. 


PNEUMONOCONIOSIS 


We feel the day is not far distant when 
the diseases due to dust will be classified 
in stages more or less like those used in 
pulmonary tuberculosis, e.g., slight, moder- 
ate, and advanced. The diagnosis, for 
example, of silicosis, so beautifully studied 
by Pancoast and Pendergrass, is on a much 
firmer basis to-day, as a result of their 
roentgenologic investigations. The vari- 
ous degrees of linear exaggeration and 
nodulation are slowly but surely being 
standardized, but to be able to say when 
pulmonary tuberculosis complicates the 
picture is another and more difficult mat- 
ter. Physical signs are most often of 
slight value in the diagnosis of early silico- 
sis, or, for that matter, when it is com- 
plicated with a minimal or moderately 
advanced tuberculosis. Here the roent- 
genogram is of the greatest value. Many 
cases approach death, in whom only the 
roentgenologic examination discloses the 
obvious disease. The two processes, 772., 
silicosis and tuberculosis, have in the main 
characteristic shadows: (1) in silicosis, 
the nodulation, not unlike the pattern of 
miliary tuberculosis so familiar to every- 
one, and (2) the variegated pattern of 
tuberculosis in its many phases, also 
reasonably well recognized. If we super- 
impose—or, better, intermingle the one 


with the other—we have what is often seen 
and not infrequently proved to be tuber- 
culo-silicosis or silico-tuberculosis. There 
appears to be little doubt that the burden 
of the diagnosis of pneumonoconiosis de- 
pends upon the roentgenologic study. 


SUMMARY AND CONCLUSIONS 


Recent advances in the study of the 
etiology, diagnosis, prognosis, prophylaxis, 
and treatment of pulmonary tuberculosis 
have been rather closely associated with 
technical improvement of the roentgeno- 
gram. 

The roentgenogram should be used to 
perfect, not to replace, the usual methods 
of physical diagnosis in pulmonary dis- 
ease. 

The early lesions of childhood and adult 
pulmonary tuberculosis are detected sooner 
on the roentgenogram than by physical 
signs. 

Only the roentgenogram yields data 
sufficiently accurate to be used in the 
classification of pulmonary tuberculosis. 
When a cavity is readily diagnosable by 
physical signs, the disease is usually in a 
far advanced stage. The great impor- 
tance of cavity in the treatment of pul- 
monary tuberculosis makes its early diag- 
nosis from the roentgenogram highly sig- 
nificant. 

Serial roentgenograms are probably the 
most accurate means of determining ac- 
tivity. Prolonged experience enables some 
to estimate the presence of activity with 
fair accuracy from a single set of roent- 
genograms. 

The roentgenogram is far more accurate 
than the physical signs in prognosis. 

Collapse therapy, and especially thoraco- 
plasty, have developed largely since the 
perfection of roentgenologic examination. 
Inference drawn from a study of physical 
signs is not sufficiently precise. 


We wish to thank Dr. Heise for per- 
mission to publish many of the data in this 
article. 











IRRADIATION THERAPY IN CANCER OF THE MOUTH: TECHNIC AND RESULTS? 
By G. E. PFAHLER, M.D., Sc.D., and J. H. VASTINE, M.D., Philadelphia 


ANCER of the mouth is now curable 
C in the great majority of cases if 

treated early, thoroughly, and _ skill- 
fully from the beginning by means of 
irradiation. While this represents a great 
advance, much is involved in carrying out 
the above requirements and, because they 
are not carried out, to-day only from 25 to 
35 per cent of all cases recover. Early 
treatment means that patients must con- 
sult a competent physician when any sore, 
fissure, wart, or thickened white patch 
appears in the mouth and shows no ten- 
dency to heal within two weeks; other- 
wise, the best chances are lost. Early 
treatment further requires that a diagnosis 
must be made, or suspected, at the first 
visit by the physician, and immediate 
steps taken by him to obtain consultation 
or microscopic confirmation at the earliest 
possible moment. (It is our custom to 
give preliminary irradiation in all sus- 
pected cases, before doing a_ biopsy.) 
To meet these requirements it is further 
necessary to have sufficient radium and 
equipment available, and (and this is of the 
greatest importance) it is essential that a 
physician be available who is skilled in the 
application of the principles of radiology. 
The mere possession of radium is of no 
more consequence in itself than is the 
possession of a set of surgical instruments— 
it is the skill in their use which counts. 


PRINCIPLES AND TECHNIC 


It is not possible to prescribe a technic 
which will be adaptable to all cases of 
cancer of the mouth, since each case is a 
new problem which must be dealt with 
individually. The principles of the technic, 
however, can be fairly well standardized. 
These are based primarily upon the funda- 
mental principles of radiation therapy, 
4 Preis at the Eighteenth Annual Meeting of the Radio- 


logical Society of North America, at Atlantic City, Nov. 28- 
Dec. 2, 1932. 
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as follows: (1) Bérgonie and Tribondeau 
(1) found that cells are most radiosensitive 
during mitosis; (2) Dominici (13) found 
cells more radiosensitive the closer they 
approach the embryonic type; (3) Regaud 
and Lacassagne further investigated and 
proved the above principles and also found 
a greater differentiation in the sensitivity 
of the cancer cells as the wave lengths 
become shorter, represented by highly 
filtered gamma rays of radium. (We 
use from one to two millimeters of plati- 
num, which is the equivalent of from 
two to four millimeters of lead.) In the 
application of these principles in the 
treatment of cancer of the mouth, early in 
1924 we made use of larger quantities of 
radium (filtered at first through one 
millimeter of platinum and later through 
two millimeters of platinum), and pro- 
longed the effect on the principles of the 
Saturation Method during a period of from 
three to four weeks, as reported (36) by 
one of us (G. E. P.) by invitation of the 
British Empire Cancer Campaign, before 
the International Conference on Cancer, 
held in London, in July, 1928. Since then 
this technic has been continued, and in 
certain cases we have supplemented this 
surface irradiation by interstitial irradia- 
tion as recommended by Regaud (43), La- 
cassagne (25), Quick (39), Martin (29), and 
others. We have made other reports since 
that date (35-38). Our results are im- 
proving progressively as our skill in the 
application of these principles has advanced, 
and consequently our optimism has in- 
creased. 

A pplications inside the Mouth.—We plan 
to give from 1,500 to 3,000 mg.-hrs. 
inside the mouth to the affected area 
within a period of from three to four 
weeks. Radium element is used filtered 
through 2 millimeters of platinum with 
sufficient rubber to make the distance 5 
millimeters. Radium is applied in all 
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possible positions to obtain a cross-firing 
effect upon the primary lesion. Thus, in a 
lesion in the posterior portion of the 
tongue, radium is applied to the base of 
the tongue, to the dorsum of the tongue, 


side, on the tongue, and to the base of the 
tongue. This is at times supplemented by 
interstitial irradiation with platinum 
needles containing radium element. 
Lesions about the alveolus are usually 





Fig. 1. 


developing during three years, due to tobacco-chewing. 
tion, followed by osteomyelitis, and, later, resection of the lower jaw on the right side. 


has been well for 14 years. 


and in the floor of the mouth. Lesions in 
the anterior portion and margins of the 
tongue are treated by radium applications 
on the dorsum of the tongue and in the 
floor of the mouth. These surface appli- 
cations are frequently supplemented by 
interstitial irradiation with platinum 
needles now containing 1, 2, or 3 milli- 
grams of radium element and _ inserted 
preferably through the skin. If, as is 
frequently the case, lesions in the anterior 
or posterior portion of the tongue are of 
low grade malignancy, electrocoagulation, 
particularly of the smaller lesions, is per- 
formed as thoroughly as possible, together 
with the above irradiation. If the pos- 
terior portion is removed by electro- 
coagulation, the lingual or external carotid 
artery must be ligated. When electro- 
coagulation is performed the entire macro- 
scopical disease must be removed. 

In sublingual lesions, surface applications 
of radium are placed in the floor of the 
mouth on both the involved and opposite 


Male, age 43, referred by Dr. L. H. Dick, Nov. 23, 1918. Epithelioma of right cheek 
Disease destroyed by electrocoagula- 
Patient 


treated by surface applications only, since 
radium needles inserted into bone will 
produce an embarrassing necrosis. Ra- 
dium is applied to the alveolus, in the 
gingivo-buccal fold, and in the floor of the 
mouth. 

Lesions of the cheek are frequently of 
low grade malignancy, slow in developing, 
and relatively radioresistant. Therefore, 
we usually consider it desirable to introduce 
platinum needles containing small quanti- 
ties of radium element, permitting them 
to act almost long enough to produce an 
escharotic effect. Radium is applied to the 
surface of the cheek, both inside and out- 
side, also in the gingivo-buccal folds, in the 
posterior vestibule, and in the floor of the 
mouth. 

Cancer of the roof of the mouth is irra- 
diated by surface applications applied 
against the palate, inside of the nose, and 
outside of the alveolus. 

The tonsils are irradiated by surface 
applications of radium applied on a tonsil 
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clamp, surface applications at the base of 
the tongue, in the posterior nares, and in 
the posterior vestibule. Needles con- 
taining radium element are at times 
used to supplement the above treatment, 
although some excellent results have 
been obtained by surface applications 
alone in the radiosensitive carcinomas 
usually occurring in the tonsil. 

Cancers of the mouth vary in position, 
in extent, in duration, in amounts of 
fibrosis, and in radiosensitivity. In addi- 
tion to the variations in the malignancy, 
there are variations in the host, both in 
his general health, his tolerance of and 
response to irradiation. Consequently, 
treatment of these lesions cannot be re- 
duced to a general routine procedure— 
they must be individualized. Lead appli- 
cators of one-eighth inch in thickness, as 
described by Grier, can be cut and bent 
into any desired shape, permitting great 
accuracy in the placement of the radium 
and firmness in maintaining its position. 
Vulcanizing rubber, which adheres only to 
itself, has been used by one of us (G. E. P.) 
since 1918 in covering applications, its use 
being described in 1930 (38). Tonsil 
clamps are advantageous in applying 
radium to the tonsil, the region of the 
anterior pillar, or the lateral pharyngeal 
wall. Long curved tubes are convenient 
in holding the application against the 
pharynx, tonsil, or posterior surface of the 
tongue. Dental compound, as_ recom- 
mended by Ebling (15), is occasionally 
valuable in accurate fixation of the radium. 

Irradiation must be given to the upper 
limit of normal tissue tolerance. With 
the highly filtered radium element, one is 
justified in producing an epithelitis of the 
mucous membranes of the mouth, with 
formation of a white membrane or des- 
quamation over and about the lesion and 
along its paths of lymph drainage. Mar- 
tin and Quimby and Pack (27, 42), in two 
excellent presentations, have described the 
lethal dose delivered to all parts of the 
tumor to be a minimum of from 3 to 11 
skin erythema doses, usually from 8 to 
11, depending upon the grade of malig- 
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nancy. This has been a distinct advance, 
placing irradiation of cancers of the 
mouth on a more scientific basis, giving us 
something definite other than empiricism 
upon which to work. Nevertheless, we 
feel that every case of intra-oral malig- 
nancy should be treated to the very limit 
of normal tissue tolerance. 

Electrocoagulation is used in conjunc- 
tion with irradiation in cases in which 
the lesion is small and of low grade malig- 
nancy; in lesions developing on a leuko- 
plakia (it being best to destroy the leuko- 
plakia so far as possible in order to pre- 
vent the future development of new 
lesions), and in recurrent lesions which 
have been previously irradiated, with the 
resulting presence of considerable fibrous 
tissue. The general damage to the mucous 
membrane in cases of leukoplakia renders 
new lesions liable in other parts of the 
mouth. 

External irradiation is of the greatest 
importance to control the metastases. 
Irradiation is routinely given over the 
regional areas of lymph drainage, con- 
stituting the lower face, submaxillary and 
submental regions, and the entire neck in 
cases of intra-oral malignancy. Simmons 
(51) found histologic evidence of meta- 
static malignancy in 34 per cent of his series 
of intra-oral cancers in which there were 
no palpable lumph nodes. This is too high a 
percentage to permit of only local treat- 
ment of the primary lesion, even when no 
lymph nodes are palpable. 

External irradiation is applied by means 
of radium element filtered through at 
least 3 millimeters of brass, but, better, 
through 2 millimeters of platinum or its 
equivalent at a distance of four or five 
centimeters, a total of from 30,000 to 60,000 
mg.-hrs. being given in from 38 to + weeks. 
This is applied on molds of Columbia 
paste (Esquerra, Monod, and Richard, 
16) or felt packs or sponge rubber, on 
both sides of the face and neck. In addi- 
tion, capsules or radium element filtered 
through 2 millimeters of platinum are 
sometimes placed in rolls over a node to 
obtain a more intense local effect. Inter- 
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stitial irradiation is used in the treatment 
of definitely palpable nodes, being given 
by needles containing 5 or 10 milligrams of 
radium element filtered through 0.4 milli- 
meter of platinum, introduced in and 
about the nodes by puncture of the skin. 


inserted interstitially and permitted to 
remain for from five to seven days, the 
number of needles used depending largely 
upon the extent of the disease, and the time 
depending largely upon the amount of 
surface irradiation which is planned. 





Fig. 2. 


the last year. 


Male, age 65, referred by Dr. G. H. Seiberling, April 6, 1927. 


Section by Dr. Eugene Case showed squamous-cell carcinoma, Type 1. 


Tumor filling the 
entire inside of the right cheek, mandible involved, and growing during seven years, worse during 


Re- 


sponded rapidly to radium; no recurrence during five years. 


Regaud has recommended interstitial 
irradiation in needles containing a small 
amount of radium element. These smaller 
quantities of radium are left in the tissues 
for from seven to fourteen days, depending 
upon the factors employed, thus obtaining 
continuous irradiation over a long enough 
period to affect all cells during their period 
of mitosis. These principles are the basis 
of treatment at the Curie Institute at the 
present time, while Cade (8, 9), Birkett 
(4, 5), Gask (22), Martin and Sharp (28), 
and others have reported success in the 
use of this type of irradiation. We have 
employed needles containing 1 milligram 
of radium element in needles 2.8 centi- 
meters in length, 2 milligrams of radium 
in needles 4.4 centimeters in length, and 3 
milligrams of radium element in needles 
6 centimeters in length, the filtration 
being 0.5 mm. of platinum for the first 
two, and 0.6 mm. for the 6 cm. needles. 
A total of from 30 to 50 milligrams is 


There have been 11 cases in which there 
was definite, extensive involvement of the 
lymphatic glands. It is too soon to permit 
definite conclusions, but the fact that 6 
(or 54.5 per cent) of these are apparently 
well for periods of from sixteen to twenty- 
one months is definitely encouraging. 
These results have been obtained in ad- 
vanced, inoperable, apparently hopeless 
cases. 

Cancer of the tongue is the most frequent, 
most serious, and most rapidly developing 
cancer of the mouth, constituting 47 per 
cent in our series. Of these, 53 per cent 
belonged to the third and fourth grades of 
malignancy. Broders (6) classed a little 
more than half and Berven, 47 per cent of 
the epitheliomas of the tongue as_ be- 
longing to Grade 3. Cancer of the tongue 
metastasizes early and rapidly; therefore, 
the treatment of all cancers of the tongue 
and, generally speaking, all cancers of the 
mouth become a radiological problem. 
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Lane-Claypon (26), in 1930, from an ex- 
tensive and comprehensive analysis of the 
literature regarding cancer of the tongue 
from a statistical standpoint, concluded 
that the cases treated radiologically show a 
more favorable survival rate after three 
years than those treated surgically. In 
1930, Regaud reported on 344 cases 
treated at the Curie Institute, with 24 
per cent cures during from one to seven 
years, but of these 344 cases only 20 per 
cent were in the operable stage. Berven 
(2, 3), in 1927, and again in 1931, reported 
on 104 cases of cancer of the tongue, with a 
recovery of 32 per cent of all cases, both 
early and advanced, and free from disease 
after five years, while 59 per cent of the 
early cases were symptom-free after three 
years. Quick (40), in 1929, reported on 
450 cases of carcinoma of the tongue 
treated by irradiation, with 22.4 per cent 
recovery, but 50 per cent of these had been 
advanced and inoperable. 

Cade (9), in 1930, reported on 169 cases 
of lingual carcinoma of which 47.9 per cent 
were alive and free from evidence of 
disease. The majority of these cases were 
of less than two years’ duration and the 
passage of additional time is necessary to 
permit of definite conclusion. Cade favors 
the employment of long needles containing 
small amounts of radium element, with 
high filtration. These are introduced 
about the primary lesion and are left in 
the tissue for from seven to ten days. 
The cervical region is irradiated routinely 
with surface applications of radium on 
packs. Small glands are dissected out, 
while large glands are treated by inter- 
stitial irradiation with radium element 
needles. 

Birkett (4), in 1980, reported on 267 
cases, with from 22.5 to 45.1 per cent of 
the patients alive and well four to two 
years, respectively. He favors the employ- 
ment of radium element in needles used 
interstitially about the primary lesion, with 
no further treatment if there are no 
palpable metastases. If nodes are pal- 
pable, block dissection is performed, fol- 
lowed by insertion of long needles con- 
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taining small amounts of radium element. 
These are left in the tissues for eight days. 

Schreiner and Brown (48), in 1925, re- 
ported on 127 cases of carcinoma of the 
tongue, with 34 per cent clinically well for 
periods up to four years. Palliation 
only was obtained in those cases with 
metastases. 

Soiland and Meland (54), Roux, Berger, 
and Monod (47), Simpson and Flesher 
(52), Fitzwilliams (20), Fischell (19), Scott 
(50), Smith (53), Stewart (55), Widmann 
(56), Martin and Sharp (28), have made 
valuable contributions. Grier’s method 
(23, 24) of making local surface applica- 
tion with lead adapted to the individual 
needs has been a definite advance in tech- 
nic. 

Our Results.—Of 186 cases of carcinoma 
of the tongue treated since 1904, 172 could 
be traced, of which 62 (36.1 per cent) are 
living and free from evidence of disease. 
Excluding the cases which could not be 
traced, 32.4 per cent of the patients were 
living and well three years after treatment, 
and, counting the untraced cases as dead, 
we have an absolute three-year curability 
of 29.3 per cent. This includes 89 cases 
with palpable nodes, of which 17.8 per 
cent have been well for periods varying 
from one and one-half to nine years. 
Some of these palpable nodes were prob- 
ably inflammatory, as Simmons has shown 
that 46 per cent of the palpable nodes 
which were dissected out by him proved to 
be. Nevertheless, this represents a group 
in which surgeons report cures in only 
from 3.8 to 17 per cent, and the surgical 
series probably do not include the number 
of advanced cases included in this series, 
for it is doubtful whether any surgeon 
would have the temerity to operate on 
many of the patients in our series. Of the 
97 patients without palpable nodes, 37.1 
per cent were symptom-free three years and 
ore after treatment. Of the 70 patients 
treated since 1925 by the technic now in 
use, 31.4 per cent have been well for periods 
of from one to six years after treatment. 

We must always assume that there is 
metastasis present, as has been shown by 
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TABLE I.—RESULTS IN 396 UNSELECTED CASES OF CARCINOMA OF THE MOUTH TREATED 
SINCE 1904, WITH VARIOUS TYPES OF TECHNIC 





Cases Cases traced 


Alive Percentage alive Dead Percentage dead 








Tongue and floor of mouth 186 172 62 36.1 110 63.9 
Cheek 68 65 33 51 32 49 
Tonsil 31 26 7 27 19 73 
Lower jaw 50 46 14 30.5 32 69.5 
Upper jaw and roof of mouth 61 55 23 41.8 32 58 .2 
Total 396 364 139 38.2 225 61.8 
Alive 
Av. dur. 
(mos.) Lessthan 1 yr. 1-3 yrs. 3-5 yrs. Over 5yrs. Average 
Tongue and floor of mouth 10.9 4 12 11 35 7.1 yrs. 
Cheek 19 3 9 7 14 5.4 yrs. 
Tonsil 24 2 2 3 6.6 yrs. 
Lower jaw 7 2 2 4 6 5.4 yrs. 
Upper jaw and roof of mouth 4.8 3 5 4 11 5.2 yrs. 
Total 13.1 14 30 26 69 6.1 yrs. 
3-yr. recoveries Recovery 
(traced cases) (all cases) 
) 0 
Tongue and floor of mouth 32.4 29.3 
Cheek 42.9 40.3 
Tonsil 13.6 4 
Lower jaw 4 hee h 25 
Upper jaw and roof of mouth 34.1 30 
32.4 29.3 


Total 





TABLE II.—RESULTS BY PRESENT TECHNIC IN UNSELECTED CASES OF CARCINOMA OF THE 


MOUTH, BOTH EARLY AND ADVANCED? 


No. cases 


Tongue and floor of mouth 70 
Cheek 34 
Tonsil 15 
Lower jaw 27 
Upper jaw and roof of mouth 25 
Total 171 


Well . Duration ; 


22 (31.4%) 1-6 yrs. 

20 (58.8%) 1-7 yrs. 
4 (26.6%) 6 mos.-3 yrs. 
9 (33.3%) 1-7 yrs. 

12 (48.0%) 1-7 yrs. 


67 (39.2%) 


Cases with Palpable Lymph Nodes 


Tongue and floor of mouth 
Cheek 

Tonsil 

Lower jaw 

Upper jaw and roof of mouth 


Total 


block dissections when no glands were 
palpable (34 per cent of the cases reported 
by Simmons, 51). Of the cases with 
clinically palpable neck nodes operated 
upon by DeVecchi (12), 57 per cent showed 
histological evidence of malignancy. 

It is our custom to use from 30,000 to 
60,000 milligram-hours of irradiation ex- 


? These cases are taken from the records in Dr. Pfahler’s 
private office (where 1,250 milligrams of radium are in use). 


No. cases Recoveries 


89 16 

19 7 

19 4 

20 6 

10 4 
157 37 (23.5%) 


ternally, with from 20 to 30 ten-milligram 
units distributed over the lymphatic drain- 
age areas and applied at intervals during a 
period of from three to four weeks, filtered 
through the equivalent of from 3 to 4 mm. 
of lead, and at a distance of from 4 to 5 
centimeters. This should cause a deep 
redness, and desquamation of the skin. 
It is further supplemented by surface 
application inside the mouth, and _fre- 
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quently interstitial irradiation. We be- 
lieve, when possible to reach the disease, 
this interstitial irradiation is best applied 
through the skin, in small quantities, 
filtered through 0.5 mm. of platinum, and 
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spite the fact that the grading of tumors 
histologically is practised at the Mayo 
Clinic, the New York Memorial Hospital, 
Huntington Memorial Hospital, Radium- 
hemmet, Curie Institute, St. Bartholo- 





Fig. 3. Female, age 69, referred by Dr. Frank R. Sheppard, Jan. 10, 1922. Duration, six 


months. 


Squamous-cell epithelioma involving entire roof of the mouth and right cheek; 


treated by radium and finally electrocoagulation in the right cheek; no recurrence during five 


years. 


allowed to work for from four to seven 
days. 

Cheek.—Carcinoma of the cheek con- 
stituted 17.1 per cent of the intra-oral 
malignancies of our series. Fraser (21) 
reports carcinoma of the buccal cavity 
to be eight times as frequent in males as in 
females, probably because of irritation 
due to the use of spirits and tobacco. 
These figures are reversed for the popula- 
tion of southern India and Ceylon where 
the women chew betel (a combination of 
tobacco, areca nut, and slacked lime). 

Malignancy.—Lesions arising from the 
inside of the cheek are usually less malig- 
nant than those arising from the tonsil 
and tongue. Thus, 82 per cent of the 
lesions which were graded histologically 
belonged to Groups 1 and 2.  Broders 
classed 62 per cent of cases of epithelioma 
of the cheek in Grades 1 and 2. Birkett 
states that carcinomas of the cheek are 
comparatively of high differentiation. De- 


Patient died of myocarditis in November, 1927. 


mew’s Hospital and many other equally 
renowned clinics, it is not universally ac- 
cepted as of value, since, at times, different 
sections from the same tumor show all 
different grades of malignancy. The lower 
degree of malignancy of these lesions 
histologically closely corresponds to the 
clinical manifestations. Thus, the average 
duration of lesions of the cheek was 19 
months before coming for treatment. This 
was very much longer than in any other 
site in the mouth, except in the region 
of the tonsil, indicating that the lesions 
were usually slow-growing. The average 
duration of the lesions in the tonsil cases 
was greater, due to several post-operative 
recurrences after a number of years, 
increasing the average duration to such an 
extent that it is not representative. It 
is also likely that these patients had a 
chronic tonsillitis before the malignant 
disease, which increases the duration of 
symptoms. This has a definite practical 
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value bearing upon treatment as dis- 
cussed under ‘‘Technic.”’ 

Results of Radiological Treatment.— 
Berven, in 81 cases of carcinoma of the 
inside of the cheek, reported 26 per 
cent of the cases symptom-free five 
years after treatment. Our results of 68 
cases of carcinoma of the cheek show that 
65 could be traced, of which 33 (51 per 
cent) are living and free from evidence 
of disease. Excluding the three cases 
which could not be traced, 42.9 per cent 
of the patients were living and well three 
years after treatment, and, counting the 
untraced cases as dead, we have an 
absolute three-year curability of 40.3 
per cent. This includes 19 cases with 
palpable lymph nodes, of which seven 
(36.9 per cent) have been living and well 
for periods of from two and one-half to 
nine years. Five (26.3 per cent) of these 
cases are well three years or more after 
treatment. Four patients with bone in- 
volvement are all dead. Of the patients 
without palpable lymph nodes, 34.8 per 
cent are well three or more years after 
treatment. Of the 34 patients treated 
since 1925 by the newer technic, 20 
(58.8 per cent) are well. 

Tonsil.—Malignant tumors of the tonsil 
are comparatively rare, representing only 
7.8 per cent of all of the intra-oral malig- 
nancies in our series of cases. Pack and 
LeFevre report 9.6 per cent of their intra- 
oral tumors as arising from the tonsil 
and further report malignancies of the 
tonsil as constituting 2.23 per cent of a 
series of 16,555 unselected cases of malig- 
nant tumors admitted to the Memorial 
Hospital. Of our series of 31 cases of 
malignancy of the tonsil 9.7 per cent were 
sarcoma; thus the incidence of carcinoma 
was about ten times as great as sarcoma. 
New and Childsey (31) reported 14.5 per 
cent and Duffy (14) reported 8.6 per cent 
of malignancies of the tonsil to be lympho- 
sarcoma. 

While we feel strongly that irradiation 
is the treatment of choice in all cancers 
of the mouth, we are convinced that, due 
to certain factors, this is particularly true 


These 


of malignancies of the tonsil. 
factors follow. 

(1) High Degree of Malignancy of These 
Tonsil Tumors.—The great majority (87.5 
per cent of those classified) in our series 
being Grade 3 or 4 epithelioma (Broders 
classification), transitional-cell epithelioma 
or lymphosarcoma, this statement must 
be made by us with reservations since the 
microscopic examinations were made by 
numerous pathologists, the biopsy fre- 
quently having been taken elsewhere be- 
fore the patient was referred for irradia- 
tion. Broders (6), from a series of tonsil 
cases at the Mayo Clinic, reported 94.1 
per cent as belonging to Grades 3 and 4. 
Berven reported 93 per cent of carcinomas 
of the tonsil as belonging to Grades 3 and 
4. We are not qualified as clinicians to 
discuss the merits of tumor-grading or the 
pathologic characteristics of transitional- 
cell epithelioma of Ewing, and lympho- 
epithelioma of Regaud and Schmincke. 
We do believe, however, that the majority 
of tonsillar neoplasms are of a high degree 
of malignancy and are consequently radio- 
sensitive. 

(2) Early Metastasis from Malignancies 
of the Tonsil and Consequent Hopelessness 
of Any Other Method of Treatment Other 
Than Irradiation —It not infrequently oc- 
curs that metastatic cervical nodes are the 
first evidence of malignancy, the primary 
lesion in the tonsil being so small as to 
have escaped attention. Of our series, 
61 per cent had definitely palpable lymph 
nodes when they came for treatment. 
This compares closely to the findings of 
New and Childsey, 65 per cent of their 
cases having metastatis in the cervical 
lymph nodes at the time of admission. 
Duffy reported 58.2 per cent as having 
palpable lymph nodes when treatment 
was begun. 

(3) Relative Inoperability of Tonsillar 
Malignancies.—This is due to the usually 
high degree of malignancy, with early 
metastasis and the technical difficulties 
encountered in removal of tonsillar malig- 
nancy. This fact is attested to by the 
dearth of reports on series of cases treated 
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surgically. Thus, as Burnam (7) states, 
since the Matthews report, in 1912, of the 
surgical results obtained in treating malig- 
nant tumors of the tonsil, there are no 
satisfactory reports of extensive series of 
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per cent five-year healing in 35 cases of 
sarcoma of the tonsil. Burnam (7), in 
1931, reported on 133 malignancies of the 
tonsil treated by irradiation, with a 4.12 
per cent cure in carcinoma and a 20 per 





Fig. 4. Male, age 60, referred by Dr. A. S. Knight, Oct. 11, 1922. Wassermann negative. 
Carcinoma of the tongue, with metastasis. Duration, six weeks. Treated by radium; well over 
ten years to date. 


cases from a single clinic, although there 
are numerous individual cases reported in 
the literature. Berven states that surgical 
treatment is scarcely able to show a single 
case of healing. There have been no surgical 
cures of carcinoma of the tonsil at the 
Radiumhemmet. 

In contrast to this dearth of literature 
upon the surgical treatment of neoplasms 
of the tonsil, during recent years there 
have been comprehensive reports on 7rra- 
diation treatment of these relatively un- 
common malignancies. These reports have 
been by men of the highest caliber on 
rather extensive series of cases. Thus, 
Berven, in 1931, reported on 89 cases of 
malignancy of the tonsil. He reports a 39 
per cent three-year cure of the cases of 
carcinoma treated by their recent technic 
(teleradium externally and surface radium 
applications to the tonsil and implanta- 
tion of radium needles or endothermic 
removal of small residual lesions). He 
reports a 43 per cent three-year and 38 


cent cure in sarcoma. This, however, in- 
cludes many cases not traced and counted 
as dead, many cases treated by older 
methods, and many very advanced hope- 
less cases. Of his cases treated in 1929 
and 1930, 50 per cent are well and free 
from any evidence of disease. These 
cases were treated by a more recent 
technic consisting of teleradiation ex- 
ternally and interstitial irradiation with 
radon needles. Coutard, in 1931, reported 
on 46 advanced cases of carcinoma of the 
tonsil treated by roentgentherapy alone, 
with five-year cures of 23 per cent. These 
were all extensive lesions, but, 7m the Curie 
Institute, epitheliomas of the tonsillar region 
even of limited extension, are treated prefer- 
ably by radium therapy. 

In 1931, New, Broders, and Childsey 
(32), reporting on 45 cases of lympho- 
sarcoma and Types 3 and 4 carcinoma of 
the tonsil, write that 55 per cent of the 
cases of lymphosarcoma were alive for an 
average of almost seven years, and 36 per 
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cent of the cases of carcinoma, Grades 3 
and 4, were alive for an average of almost 
four years. They treat cases of low-grade 
malignancy by removal by surgical or 
diathermic measures, followed immediately 
by introduction of radium needles or 
radon into the wound. They state that if 
the lesion is extensive, with or without 
large lymph nodes, irradiation probably 
offers the only chance. They advise irra- 
diation alone as the indicated treatment 
in lymphosarcoma. 

Duffy (14), in 1923, reported on 122 
cases, 49 of which were for a period of 
over five years in which group there were 
10 (20.4 per cent) free of disease. He 
subjects the neck to both x-radiation and 
radium packs externally, combined with 
interstitial irradiation with radon im- 
plants locally to the primary lesion. 
Robinsen (46), in 1929, reported on 27 
epidermoid carcinomas, with 18.5 per cent 
well two or more years after treatment. 
He used interstitial irradiation in treating 
the primary growth and radium packs 
externally. Schreiner and Simpson (49), 
in 1929, reported 17 of the patients without 
palpable metastasis as well for five years 
and 4 per cent with palpable metastasis 
well for five years. 

Our results on 31 cases of malignancy of 
the tonsil treated since 1904, show that 26 
could be traced of which 7 (27 per cent) 
are living and free from evidence of 
disease. This represents a _ three-year 
curability of 13.6 per cent excluding the 
five cases which could not be traced, or an 
absolute three-year curability of 11.1 per 
cent counting the untraced cases as dead. 
This at first glance would not seem en- 
couraging but we do not believe this 
represents the curability of these malig- 
nancies employing more recent technic. 
It is interesting to note that four, or 
26.6 per cent of the cases treated since 1925, 
are alive and free from evidence of disease. 
While all of these cases are not five years 
in duration, we feel that the results are 
encouraging and warrant further employ- 
ment of our present technic. Carcinoma 
of the lower jaw constituted 12.6 per cent 


of our series of cases of intra-oral malig- 
nancy. 

As to the malignancy of those cases 
which were graded histologically, 45 per 
cent were Type 3, the remainder being 
divided between the three remaining 
groups. Broders classifies epithelioma 
of the gums with epithelioma of the lips, 
in which group 62 per cent belonged to 
Grades 1 and 2. It can be seen that lesions 
in this region are of a lower degree of 
malignancy and, according to Martin, 
Quimby, and Pack (27, 42), would require 
greater amounts of irradiation in the tumor 
than in lesions of the tongue, palate, and 
tonsil, the latter being usually more 
anaplastic and consequently more radio- 
sensitive. 

Results of Radiological Treatment.—Of 50 
cases of carcinoma of the lower alveolus, 
46 could be traced, of which 14 (30.5 
per cent) are well. Excluding the four 
cases which could not be traced, 27.7 


per cent of the patients are well three. 


years after treatment, while counting the 
untraced cases as dead, we heve an abso- 
lute three-year curability of 25 per cent. 
This includes 20 cases in which there were 
palpable nodes, of which 6 (30 per cent) 
have been well for periods varying over 
one year. Of 11 cases in which there was 
bone involvement, 4 (36.3 per cent) have 
been well for two, two and one-half, five, 
and seven years, respectively. Of 27 cases 
treated since 1925 by the newer technic, 
33.3 per cent are well. Berven reported 
24 per cent of 34 patients treated by the 
newer technic as free from signs and symp- 
toms of cancer five years after treatment. 
This technic corresponds closely to that 
employed by us. 

Upper Jaw and Roof of Mouth.—-Carci- 
noma of the upper jaw and roof of the 
mouth constituted 15.4 per cent of our 
series of cases of intra-oral cancer. Chemin 
(10) reported carcinoma of the gums and 
palate as constituting 1.1 per cent of all 
tumors seen. The malignancy of those 
cases was graded histologically, 72 per cent 
belonging to Grades | and 2. Lesions of 
the alveolus are usually of a lower degree 
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of malignancy. Epithelioma of the palate 
is usually of a higher grade of malignancy 
than lesions of the alveolus. Thus, 
Broders, in a group of carcinomas arising 
from the hard and soft palate and the 
pharynx, found 47.05 per cent to belong 
to Grade 2; 35.29 per cent to Grade 3, 
and 17.64 per cent to Grade 4. The group 
containing lesions from the upper jaw 
consisted of 7.60 per cent Grade 1, 54.38 
per cent Grade 2, 34.5 per cent Grade 3, 
and 3.5 per cent Grade 4. 

Results of Radiologic Treatment.—Of 61 
cases of malignancy of the upper jaw and 
palate, 55 of our cases could be traced, of 
which 23 (41.8 per cent) are well. Ex- 
cluding the cases which could not be traced, 
there were 34.1 per cent of the patients 
living and free from evidence of disease 
three years or more, or an absolute 
curability of 30 per cent counting the five 
untraced cases as dead. Of the 25 cases 
treated by the improved technic, 48 per 
cent have been well for periods varying 
from one to eight years. There were 10 
cases in which there were definitely pal- 
pable lymph nodes, of which four are well 
from two and one-half to seven years later. 
There were 19 cases in which there was 
bone involvement; of these, seven are 
living for periods of from six months to 
nine years. 

Berven (3) reports 18 per cent of the 
patients with carcinoma of the upper 
jaw symptom-free four years or more after 
radiologic treatment; Quick reports 22 
per cent well for periods of from six to 
thirty-nine months; Johnson reports 20 
per cent well for periods of from one to 
five years; Schreiner reports 10 per cent 
well for periods of from one to nine years. 


SUMMARY AND CONCLUSIONS 


1. This report is based upon 396 un- 
selected cases of cancer of the mouth 
(not including lip cases) treated by various 
forms of irradiation technic during its 
evolutionary stages, since 1904, but chiefly 
since 1920, with a recovery of 20.3 per cent. 

2. Of the 171 cases treated by our 
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present technic, there has been recovery 
in 39.2 per cent. 

3. The low percentage of recoveries is 
due to the delays and incomplete treatment 
in many of these cases when they first 
consulted a physician. 

4. We believe that from 50 to 75 per 
cent of mouth cancers should get well if 
patients can receive thorough and skillful 
treatment by irradiation from the be- 


ginning. 
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THE ROENTGEN DIAGNOSIS OF ATELECTASIS 


WITH SPECIAL REFERENCE TO THE GROUND-GLASS SHADOW AND THE DEGREE 
OF PULMONARY SHRINKAGE 
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entire satisfaction by means of the 

x-ray, owing partly to a lack of 
unanimity as to the definition of the term, 
and partly to a lack of pathognomonic 
signs. 

The situation regarding the first cause is 
as follows. Standard text-books of pa- 
thology refer to atelectasis as a totally 
airless state of the entire lungs, or of any 
part of them, with collapse of the small 
airways and alveoli (the walls of these 
compartments lying in direct contact with 
one another, 1). This refers alike to the 
three recognized types of the disease 
congenital, obstructive, and compressive. 
Most clinical writers have adhered to these 
criteria, but recently some have extended 
the meaning of the term to include nearly 
all conditions in which it is evident from 
examination of the living subject that the 
lung is denser than normal and reduced in 
size, regardless of the nature of the 
consolidation. For instance, Coryllos and 
Birnbaum (2) call pneumococcal pneu- 
monia and atelectasis one and the same 
disease, mainly because, in both, the lung 
is consolidated and smaller than normal. 
Coryllos (3) illustrates the histologic ap- 
pearances of atelectasis with photomicro- 
graphs of lungs in which the alveoli are 
filled with inflammatory exudate (pneu- 
monia). Some authors include under 
atelectasis a variety of states in which the 
pulmonary tissues are partially air-con- 
taining and lack complete alveolar collapse 
in any part. An extreme example of this 
is the condition of the lower lobes of the 
lungs in post-operative elevation of the 
diaphragm—that situation which follows 
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most abdominal operations and in which 
the diaphragm stands nearly motionless 
at about the position of normal complete 
expiration. Other examples are the semi- 
inflated states of the lungs which exist in 
conjunction with deformities of the thor- 
acic walls, with intrathoracic tumors, or 
with partial pneumo- or hydrothorax. 

Such relationship as exists between 
pneumonia and atelectasis does not at al! 
warrant merging them. True enough, 
patches of obstructive atelectasis com- 
monly develop as pneumonia advances 
(4) because masses of viscid exudate collect 
in the bronchi of the inflamed part, meta- 
stasize, and plug the bronchi of neighbor- 
ing parts. Also, it is now generally be- 
lieved that areas of obstructive atelectasis 
contaminated with pneumococci are more 
prone to develop pneumonia than are 
areas of normally inflated lung so con- 
taminated. However, both experimental! 
and clinical experience have indicated that 
neither disease constantly precedes the 
other and that these diseases do not al- 
ways accompany each other. Thus, the 
classical work of Blake and Cecil (5) on the 
pathogenesis of pneumonia demonstrates 
that pneumococci enter the lungs by way 
of the peribronchial lymphatics and travel! 
by those paths to the periphery, so that 
the alveoli, not the bronchi as Coryllos 
contends, are the first of the airways to be 
involved with inflammatory exudate. The 
clinical pathologist has frequent oppor- 
tunity to examine the lungs in the ex- 
tremely early stages of pneumonia, but 
he does not regularly, or even usually, find 
atelectasis (Figs. 9 and 10). 

It is equally unwarranted to class 
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(Above): Massive atelectasis of one entire 
lobe of a dog’s lungs, showing the ground-glass-like 


Fig. 1. 


appearance of the roentgen shadow. The atelec- 
tasis was produced by bronchial obstruction during 
the last 24 hours of life. (Below): Same lobe, after 
inflation to about normal size, demonstrating the 
increased radiolucence and size and the finely 
traced structural markings. 


partially air-containing states of the lungs 
with atelectasis. If the pulmonary condi- 
tion in uncomplicated post-operative ele- 
vation of the diaphragm is termed atelecta- 
sis, then it must be said that all persons 
develop the latter disease with every 
maximum expiration! These semi-ex- 
panded states of the lungs are more rea- 
sonably referred to by Overholt’s (6) 
expression, namely, ‘pulmonary hypo- 
ventilation,’ since the affected parts carry 
on a definite, though reduced, respiratory 
exchange with the outer atmosphere, while 
atelectatic tissues are totally without 
external respiration.’ The distinction be- 





1 These partially air-containing states of the lungs may remain 
without change for long periods; whereas, according to many 
observers, any part of the lungs that is cut off from all external 
exchange of air for more than a few hours becomes completely 
airless 


Fig. 2. Massive atelectasis of the entire right 
middle lobe (male, 67 years) due to obstruction of 
the corresponding lobar bronchus by carcinoma. 
The shadow of the lobe exhibits the ground-glass 
sign and an extreme gradation of density. The 
right hemidiaphragm is lifted and the heart and 
trachea are attracted toward the lesion. 


tween hypoventilated and atelectatic lungs 
is not only theoretically sound but also of 
practical significance; for it differentiates 
between the pulmonary states of partial 
work and complete rest, which may be 
clinically important, especially in the 
therapy of pulmonary tuberculosis with 
artificial pneumothorax. 

The lack of pathognomonic signs in the 
diagnosis of atelectasis and the mistakes 
which arise therefrom will be evident from 
the following brief survey of the roentgen 
diagnosis. 

The most characteristic roentgeno- 
graphic feature of unilateral, obstructive, or 
congenital atelectasis is ordinarily taken to 
be the gross reduction in the size of the 
affected tissues that is indicated by certain 
displacements of the pulmonary environs— 
the half of the diaphragm on the side 
occupied by the lesion is elevated, and a 
part or all of the mediastinum is carried 
toward that side. Both of these displace- 
ments appear with lesions involving com- 
paratively small parts of the lung as well 
as with those extending over large portions. 
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Fig. 3. Massive atelectasis of the whole left lung 
(male, 6 years) developing from obstruction of the 
left primary bronchus by a plug of mucus, five days 
after the onset of bronchopneumonia of the left 
lower lobe. The ground-glass shadow is presented 
in the intercostal spaces of the entire left lung-field, 
although it is most easily recognized at the periph- 
ery. The heart is missing from its normal posi- 
tion and lost in the shadow of the left lung-field. 
The left hemidiaphragm is also indistinguishable. 
The intercostal spaces on the side of the lesion are 
narrowed and the spine is slightly bent. 


When the atelectasis is confined to the 
lower lung-field, the heart may be the only 
mediastinal organ showing distraction; 
when the lesion is limited to the upper 
field, the trachea alone is often displaced, 
and when the entire hemilung is involved, 
both organs are displaced. The bony parts 
of the chest give the least evidence of dis- 
location: the ribs on the side with the 
atelectasis are commonly drawn somewhat 
together and downward, while those on 
the opposite side are spread apart and 
elevated a little more than normal. The 
spine sometimes becomes slightly scoliotic, 
with the concavity of the curve directed 
toward the lesion. The respiratory move- 
ments are changed; the hemidiaphragm 
and ribs on the side of the lesion move 
less than normally, while those on the 
other side usually compensate by moving 
more than normally. The mediastinum 
has a pendulum-like swing, with motion 


Fig. 4. Massive atelectasis of a tuberculous right 
upper lobe (male, 36 years) caused by artificial 


pneumothorax. The lobe was adherent at the 
apex so that it was compressed only from the sides. 
Its light ground-glass-like shadow contrasts with 
the mottled shadows of the partially collapsed, 
hypoventilated lobes below. The right hemidia- 
phragm is elevated but the mediastinum is not 
displaced. 


toward the side of the lesion at inspiration 
and away from it at expiration. 

Bilaterally symmetrical, obstructive, or 
congenital, atelectasis shows no media- 
stinal displacements nor inequalities in 
position and movement of the diaphragm 
and ribs on the two sides. This is also 
true of compressive atelectasis, where 
the diaphragm, mediastinum, and ribs 
are either unchanged in position or are dis- 
placed in directions opposite to those that 
have just been described. 

These features of atelectasis are quite 
generally recognized and agreed upon, 
but unanimity is lacking as regards the 
nature of the shadow cast by the pul- 
monary tissues themselves. Some _ ob- 
servers (7, 8) find the shadow homo- 
geneous, others (9), mottled or streaked, 
and many more, without constant compo- 
sition; again some find the shadow only 
slightly more radiopaque than the normal 
lung, and others (9, 10), so very opaque 
as to be indistinguishable from the 
shadows of the heart, liver, and ribs with 
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Focal obstructive atelectasis of the lower 
part of the right lung (male, 53 years) which de- 


Fig. 5 


veloped 24 hours after cholecystectomy. The 
affected part is denser than normal throughout and 
presents mottlings, but there is no ground-glass 
appearance. The heart and trachea are drawn 
toward the lesion. The right hemidiaphragm is 
indistinguishable 


which it merges. It has been discovered 
that the lung is most dense in _post- 
operative atelectasis and least so in the 


compressive form of the lesion (7), the 
explanation given for this being that 


greater amounts of interstitial inflamma- 
tory fluids are usually present in the lung 
in the former condition (11, 12). As 
far as we can find, no writer in stating 
that the shadow may be ecither homo- 
geneous or heterogeneous suggests a cause ; 
nor has any one called attention to the use 
that can be made of the composition of 
the pulmonary shadow as a means of 
differentiating types of atelectasis or of 
distinguishing atelectasis from other dis- 
eases which produce increased density of 
the lung. 

All these signs may occur in certain 
other pulmonary diseases. Many (14-18) 
have found them in pneumonia and have 
called attention to the uncertainty of 
diagnosis arising on that account. Wu 
18) found definite diaphragmatic cleva- 
tion in 55 per cent of cases of pneumonia 





Focal obstructive atelectasis of the whole 
left lung (male, 27 years) which formed two days 


Fig. 6. 


after appendectomy. The left lung-field is dense 
and mottled but without the ground-glass sign 
The mediastinum is displaced toward it. The 
position of the left hemidiaphragm is hidden. 


and mediastinal dislocation in 12 per cent. 
Manges (19) and Packard (20) point to 
the circumstance that the lung markings 
and environmental displacements which 
characterize obstructive atelectasis may 
appear also in fibroid pulmonary tuber- 
culosis, and they believe that mistakes in 
diagnosis are often made on that ac- 
count. 

This insufficiency in diagnosis led us 
three years ago to begin seeking system- 
atically for new roentgen signs to dis- 
tinguish between atelectasis and other 
lesions which produce consolidation of the 
lung-fields. It seemed possible that a 
roentgenographic study of the naked lungs 
might disclose differences in the consis- 
tency of the shadow of these lesions which, 
when specially looked for, could be de- 
tected easily in clinical thoracic roentgeno- 


grams. Accordingly the study was under- 
taken. Also, some information as to the 


size relationships of diseased and normal 
lungs, which was obtained from experi- 
ments of Van Allen, Wu, and Wang, 
seemed applicable to the differential diag- 
nosis of atelectasis, and this matter was 
tested. A terminology of atelectasis was 
employed which was compatible with both 
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both 


atelectasis of 
The child was markedly 


Fig. 7. Focal congenital 
lungs (female, 3 hours). 
dyspneic and cyanotic at the time. Both lung- 
fields show mottlings which are roughly arranged 
in lines radiating from the hiluses, but no ground- 
glass sign. 


the pathology of the disease and the clinical 
requirements. 

Terms.—*‘ Atelectasis’’ was used in the 
restricted sense to mean that state of the 
lungs as a whole or in any part with com- 
plete airlessness and alveolar collapse. 
It was referred to as massive when the area 
involved was large enough to permit the 
consistency of its roentgen shadow to be 
determined, and as focal when the area 
was not so large. (This brought under 
focal atelectasis, not only the single 
and isolated areas of alveolar collapse, but 
also the varieties in which the areas of 
collapse are minute, multiple, and more or 
less widely distributed. )* 

Method of Study of the Pulmonary 
Roentgen Shadow. Material of three types 


* The adjectives, lobar and lobular, are commonly employed 
by others to denote the forms of distribution of atelectasis, but 
they are anatomical terms used properly only by the pathologist 
he clinical roentgenologist is seldom in a position to know with 
certainty the boundaries of the lesion relative to these units of 
Structure. Thus, autopsy has often shown that lesions thought 
clinically to be lobar actually involved a little less or a little 
more than one lobe (Fig. 17). Indeed, the roentgenologist does 
not need to define the boundaries of the lesions so accurately 
Che terms focal and massive have been used before, of course 
They have no reference to anatomical units but when the ex 
pression “‘of the upper (or middle or lower) lung field, anterior 
\or posterior) part'’ is added, they indicate well enough the 
distribution of the lesion, Their chief advantage lies in the fact 
that, when used in conjunction with the diagnostic signs to be 
described, they differentiate two clinically distinct varieties of 
atelectasis in each of the three recognized types of the disease 
This will be evident from what follows 
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Fig. 8. 
from a 
showing the ground-glass appearance of massive 


Congenital atelectasis in the lungs taken 
still-born infant. Above: the left lung, 


atelectasis. Below: the right lung after partial 
artificial inflation, giving the mottled shadow of 
focal atelectasis, with a radial arrangement some- 
what similar to that in Figure 7 


was secured and analyzed: First, massive 
atelectasis was produced in several dogs 
by plugging a lobar bronchus for 24 hours. 


The animals were sacrificed, the lungs 
removed, and roentgenograms made of 


both the normal and the atelectatic lobes. 
The atelectatic lobes were reinflated arti- 
ficially and roentgenographed again. 
ond, specimens of human lungs, which 77 
foto presented examples of the three types 
of atelectasis and of all of the common 
consolidating lesions of other varieties, 
were obtained fresh at autopsy, roentgeno 
grams were made of them, and the nature 
of the lesions was checked by gross and 
histologic examination. Third, roentgeno 
grams of the chests of living human sub- 
jects presenting these lesions, of which the 
diagnosis was made as accurately as pos 
sible by all known clinical methods, were 
collected. The lung shadows in the three 


Sec- 
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Fig. 9. Extremely early bronchopneumonia a:-d 
congestion in the right upper pulmonary lobe 
taken from an adult human being after death and 
inflated to about normal size. The left lower 
quadrant of the specimen presents the mottlings 
of the lesions, while the other parts show the 
delicate tracery of normal lung structure. No 
area has the ground-glass appearance. 


types of x-ray films so obtained were 
studied and compared as to composition. 
Ground-glass Shadow.—Many of the 
characteristics of the roentgen shadows of 
animal tissues which result from the 
presence of air within the tissues are 
generally well appreciated, although the 
physical explanation of these effects is not 
entirely understood. Thus, a pocket of air 
in the tissues appears as a “negative 
shadow,” and diffuse infiltration with air 
causes the tissues to take on a general 
increase in radiolucence. These phe- 
nomena are commonly explained by refer- 
ence to the great difference in atomic 
weight between the tissues and the air, 
and to the displacement of the tissues by 
air; but recent work (21) shows that 
the increase in radiolucence is greater by 
far than can be accounted for by these or 
other known physical principles. What- 
ever the explanation is, the phenomena are 
fundamental to pulmonary roentgenog- 





Fig. 10. Microscopic appearance of a pneumonic 
area of the specimen of Figure 9. The alveoli are 
filled with polymorphonuclear leukocytes, and 
three air-pockets are present. The neighboring 
regions, not shown in the illustration, present 
alveoli containing both clear fluid and air. No 
alveoli were collapsed (atelectatic). 


raphy and account for the exquisitely 
defined markings of the bronchial and 
vascular arborizations which appear in the 
shadows of normal lungs (Fig. 1-B), as 
well as for the clarity of delineation of foci 
of consolidation in otherwise air-filled 
lungs (Fig. 9). It is not generally ap- 
preciated, perhaps, that amounts of air 
in the tissues, so small as to be unde- 
tectable with other methods of gross ex- 
amination and disclosed otherwise only 
by aid of the microscope, are plainly re- 
vealed with roentgenography. This point 
bears especially upon the present subject, 
as will appear later. Only when the tissues 
are entirely free from infiltration with air 
is their shadow homogeneous. The totally 
airless lung has the same uniformity of 
consistency of shadow (Fig. 1-A) as does 
the liver, spleen, kidney, or any other mass 
of solid soft tissue of a single composition. 
The density of the shadow, of course, de- 
pends upon the total thickness of the organ. 
Therefore, every thoracic roentgenogram 
contains examples of the appearances of 
the completely airless lung—the shadow of 
the subcutaneous tissue at the profiles of 
the chest, neck, and shoulders resembling 
that of the thin airless lung, and the shadow 
of the liver or heart being like that of the 
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Fig. 11. Lobar pneumonia (female, 29 years), 
36 hours after the onset. The lower part of the right 
lung-field shows a fan-shaped shadow of streaks and 
mottlings, quite unlike ground-glass lung. The heart is 
slightly displaced toward the lesion and the right hemi- 
diaphragm is elevated. 


thick airless lung. The appearance is best 
described by likening the x-ray film in that 
region to a pane of glass with finely ground 
unpolished surfaces—whence the name, 
“ground-glass”’ shadow. 

Our observations have shown that the 
shadow of an area of atelectasis—con- 
gential, obstructive, or compressive, in 
dog or in man— always exhibits the ground- 
glass roentgen shadow, provided: (1) that 
the dosage of x-rays is such as to obtain 
penetration of the tissues and demon- 
stration of their radio-consistency (which 
is usually the case with the standard 
thoracic roentgenogram), and (2) that the 
shadow of the lesion is large enough to 
permit discernment of its consistency. 
On the other hand, many of the common 
consolidating lesions of the lung which 
are confused with atelectasis present a 
distinctly heterogeneous consistency of 
Shadow because of residual air. Some 
lesions besides atelectasis present ground- 
glass shadows but these are usually dis- 


“Fibroid”’ tuberculosis of the whole left 
lung and of part of the right upper lobe (male, 25 


Fig. 12. 


years) two years after the onset. The lesions are 
represented by discrete and confluent mottlings 
and streaks and there is no ground-glass sign. 
The heart and trachea are drawn toward the side 
with the larger lesion, and the hemidiaphragm on 
that side is slightly raised. 


tinguished readily from the presence of 
other signs. In short, the ground-glass 
sign enters into the diagnosis of pulmonary 
lesions to the extent that it indicates 
complete airlessness of the field ordinarily 
occupied by the lung or of such part of 
that field as is large enough for the compo- 
sition of the roentgen shadow to be recog- 
nized. 

Degree of Pulmonary Shrinkage. Recent 
measurements by Wang and Van Allen 
(22) agree with the qualitative observa- 
tions by many others, that a completely 
ateletatic division of the lung is very 
much smaller than normal, at either in- 
spiration or expiration. Van Allen and 
Wu (23) measured the volumes of dogs’ 
lung lobes which had been inoculated 
with pneumococci during life and been 
allowed to develop pneumonia. They 
found, pertinent to the present subject, 
that the volume was about normal at 
expiration and very frequently much 
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Fig. 13. Chronic empyema, with great thickening 
of the pleura and a very small cavity (male, 21 
years), resulting from a gunshot three years before. 
It had been drained externally but failed to heal 
because of a retained foreign body. A solid body 
of thickened pleura (A ’—A”") occupies the lateral 
half of the left lung-field and exhibits the ground- 
glass sign. The partially compressed, hypoven- 
tilated lung (A—<A’) lies in the medial half of the 
field, with a shadow that is less dense, mottled, and 
streaked. The cavity isat B. The spine is curved 
to the left, the intercostal spaces on that side are 
narrowed, and the hemidiaphragm is lifted, but the 
heart is pushed toward the other side 


smaller than normal at inspiration. The 
abnormality of volume at inspiration 
was most pronounced at the stages of the 
infection before development of consolida- 
tion and after complete resolution of the 
consolidation, and it was least pronounced 
during the height of consolidation. The 
shrinkage was not due to atelectasis, since 
none was present, but it was thought to 
be due to increased elastic tension of the 
parenchyma caused by the thickening of 
the alveolar septa that was present during 
all stages of this pulmonary inflammation. 
The increased tension brought about in- 
creased resistance to expansion of the in- 
flamed part of the lung and this caused 
that part to be smaller than normal at 
inspiration. Later Wu (18) found these 
size relationships in man also, for thoracic 
roentgenograms showed an abnormally 
high position of the hemidiaphragm on the 


Fig. 14. Lobar pneumonia of the entire right 
lung complicated by acute empyema (female, 2 
years), 14 days after the beginning of symptoms 
The pus presents a ground-glass shadow in the 
lateral half of the right lung-field (A—A’), while 
the consolidated lung casts a mottled shadow 
in the medial half (A’—A"”). The intercostal spaces 
on the right are narrowed, but the corresponding 
hemidiaphragm is very slightly depressed and thx 
heart and trachea are pushed toward the other 
side 





side of the lesion in the majority of the 
cases at inspiration but never at expiration. 

It follows that a point of differentiation 
may be expected to appear in clinical 
roentgenography between atelectasis and 
pneumonia, if the diaphragm is examined 
at expiration as well as at inspiration; 
namely, in atelectasis elevation of the 
hemidiaphragm on the side of the lesion 
should occur at both phases of respiration, 
whereas in pneumonia it occurs, if at all, 
at inspiration only. 

Clinical Results..-The application which 
we have found in the diagnosis of atelecta- 
sis for the ground-glass sign and for these 
factors of pulmonary shrinkage, taken 
together with the other diagnositic signs 
of atelectasis, is given in the following 
paragraphs. The diagnosis of the disease 
has become distinctly improved in ac- 
curacy during the two years during which 
these principles have been in use. 


DIAGNOSIS 


Massive Altelectasis.—-The 
shadow of a massive area of atelectasis has 


DIFFERENTIAL 


roentgen 
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the consistency of ground-glass, unless 
shadows of irregular density are super- 
imposed thereon. Accordingly, the sign 
is obtained in clinical roentgenograms 
only in the intercostal spaces and in areas 
in which the atelectasis involves the full 
thickness of the lung. The density is 
greater at the hilic region than at the 
periphery (Fig. 2), and in lungs containing 
more interstitial fluids than in those con- 
taining less (Figs. 3 and 4). Close scrutiny 
may be required to recognize the ground- 
glass quality in the denser shadows, but 
that quality in the lighter ones is very 
obvious. The borders of areas of ground- 
glass lung may be sharp, or they may be 
indistinct or totally lost because of fusion 
with neighboring shadows of similar con- 
sistency, principally the shadows of the 
heart and liver. The sign applies to all 
three types of atelectasis alike (Figs. 2, 4, 
and 8). It often represents the only 
diagnostic criterion of the disease, espe- 
cially in compressive atelectasis and in 
symmetrically distributed, obstructive, or 
congenital atelectasis. In asymmetrically 
distributed, obstructive, or congenital 
atelectasis the ground-glass sign is ac- 
companied by visceral dislocations of 
the kind peculiar to atelectasis, which 
were described in the introduction to this 
paper, and the dislocations occur at both 
inspiration and expiration. The shape of 
the shadow is characteristic when the lesion 
is due to obstruction of a single bronchus, 
for then the shadow fills the distribution 
of one bronchus, be it one whole lobe 
(Figs. 2 and 18) or a triangular segment of 
one lobe (Fig. 16); but oftentimes the 
shadow corresponds in shape to no units of 
pulmonary structure, as, for example, 
with multiple peripheral bronchiolar ob- 
structions when the shadow occupies a 
zone along the profile of the lung (Fig. 15), 
and with pulmonary compression \hen the 
shadow conforms to the zone of the pres- 
sure upon the lung that happens to be in 
effect. 

Focal Alelectasis.-The shadow of a 
part of the lungs which is involved with 
multiple focal atelectatic lesions presents 
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Massive obstructive atelectasis, with 


Fig. 15. 
cortical distribution accompanying lobar pneumonia 
of the right upper lobe (male, 3 years) four days 


after onset of illness. The lateral third of the right 
upper lobe (A—A’) gives the ground-glass appear- 
ance of atelectasis, while the remainder of the lobe 
(4’'—-A") shows the mottled shadow of pneumonia. 
The trachea and heart are displaced toward the 
lesion. Compare with Figure 16. 


scattered mottlings, cloudings, and streaks, 
which marks correspond to the positions of 
the individual foci of alveolar collapse. 
The ground-glass sign is absent. Focal 
atelectasis occurs in pure form most fre- 
quently in the compressive and congenital 
types of the disease. The compressive 
focal lesion is seen in lungs which are held 
partially collapsed for long periods, as 
frequently occurs in ‘“‘mantle’” pneumo- 
thorax, and the congenital focal lesion 
occurs very transiently in the process of 
expansion of the lungs of the new-born 
infant (Figs. 7 and 8). In both, the mark- 
ings are usually “hard” and lie on a rather 
radiolucent background. Furthermore, in 
the congenital lesion, thev tend to be 
arranged in lines radiating from the hilus. 
Focal atelectasis occurs very often in 
combination with various forms of pulmo- 
nary inflammation. Thus, the majority of 
cases of post-operative atelectasis are of 
the focal form; but here the entire 
involved region is usually fairly dark and 
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the mottlings, cloudings, or streaks in the 
lung-field are hazy and indistinctly sepa- 
rated from one another (Figs. 5 and 6).° 
As the disease progresses, the markings in a 
part or all of the area may become com- 
pletely confluent and the ground-glass sign 
appears; but then, of course, the lesion is 
partly or wholly one of massive atelectasis. 
More concerning the composite lesions 
will be written below. Visceral displace- 
ments of the kind denoting reduction in 
the size of the lung occur with focal 
atelectasis under the same conditions as 
with massive atelectasis, 7.e., at both 
inspiration and expiration and when the 
lesions are obstructive or congenital and 
unilaterally predominant. 
Pneumonia.—The roentgen shadow of a 
pneumonic area of lung, whatever the 
type or stage of the pneumonia, is prac- 
tically. always heterogeneous in compo- 
sition because of the air that is scattered 
throughout the lesion.‘ The congestion 
and consolidation of early broncho- or 
lobar pneumonia are indicated roentgeno- 
graphically by hazy streaks or mottlings 
in the lung-field (Figs. 9 and 11), which 
are sometimes very similar to the markings 
in focal atelectasis. As the consolidation 
spreads, these opacities increase in num- 
ber, size, and density and become more 
and more confluent; but, even at the 
height of the disease, careful scrutiny 
discloses faint cloudings or mottlings rather 
than a completely uniform and ground- 
glass shadow. The ground-glass appear- 
ance occurs rarely, and only in markedly 
chronic pneumonias. Visceral displace- 
ments in pneumonia indicating reduction 
in the size of the lung are either entirely 
lacking or are confined to inspiration. 
The diaphragm is usually the only struc- 
ture dislocated. The differentiation be- 





* The general density and haziness are due to the acute in- 
flammation that nearly always accompanies the lesion in these 
patients, in the form of edema, bronchopneumonia, or both. 
The special réle of this inflammation in the pathogenesis of post - 
operative atelectasis is explained in another publication (24). 

4 Histologic examination of the consolidated tissues in pneu- 
monia, even at the height of the lobar disease, usually reveals 
seattered bubbles of air. These may be smal! and sparse, but 
in toto they disturb very distinctly the uniformity of composition 
of the roentgen shadow. The air remains throughout the course 
of acute pneumonia, probably because the blood supply, upon 
which its absorption depends, is very poor 


tween pneumonia and atelectasis, when 
each is in pure form, is thus quite easy: 
Pneumonia is distinguished from massive 
at electasis by the lack of the ground-glass 
sign, and from focal atelectasis by the lack 
at expiration of such visceral displace- 
ments as are caused by reduction in pul- 
monary size. 

Tuberculosis—It is as true of tuber- 
culosis as of pneumonia, that the affected 
portion of the lung contains some, though a 
reduced amount, of air and casts a hetero- 
geneous roentgen shadow (Figs. 12 and 18). 
To be sure, uniformly caseous areas are 
totally airless, but these are rarely larg2 
enough to give the ground-glass shadow. 
The denser lesions may show no other 
irregularity of composition than faint 
clouds, but, even so, their shadows are 
clearly not of ground-glass quality. Small 
scattered tuberculous lesions often show 
markings that are readily mistakable 
for those of focal atelectasis. In cases in 
which visceral displacements are lacking, 
obstructive focal atelectasis is ruled out; 
but where such displacements occur, at 
both inspiration and expiration, as they 
often do from the contraction of fibrous 
tissue in the lung, it may be difficult or 
impossible to distinguish tuberculosis from 
focal atelectasis by means of roentgenog- 
raphy alone. Under these circumstances, 
of course, obstructive focal atelectasis 
(that is, in its pure form) can be ruled 
out usually from the fact that it seldom, 
if ever, occurs so chronically as does tuber- 


culosis. Conversely, when the lung is 
partially compressed, as with mantle 
pneumothorax, and compressive focal 
atelectasis develops therein, it may 


be impossible to distinguish the condition 
from tuberculosis. This much may be 
said rather categorically of the differentia- 
tion of these two diseases: The lack of the 
ground-glass sign rules out massive atelecta- 
sis, and the lack of visceral displacements 
eliminates obstructive focal atelectasis. 
Hemorrhagic Infarction.—The roentgen- 
shadow of an infarct is almost always 
heterogeneous in consistency owing to the 
presence of smaller or larger amounts of 
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air in the tissues.” The shadow is mottled 
or streaked, and the amount and degree 
of such opacity are determined not only 
by the quantity of blood and other fluids 
extravasated in the lung, but also by 
the presence and amount of atelectasis and 
fibrosis. The latter lesions sometimes 
produce sufficient pulmonary shrinkage to 
cause environmental displacements at both 
inspiration and expiration. This is more 
frequent in infarcts of several months’ 
duration. When fibrosis and atelectasis 
are lacking, the displacements are also 
lacking and the lesion is thereby dis- 
tinguished from atelectasis. Otherwise, 
hemorrhagic infarcts are known from 
massive atelectasis by the absence of the 
ground-glass sign, and from pure ob- 
structive focal atelectasis by the great 
rarity of chronic lesions of the latter type. 

Neoplasm.—When the air is displaced 
totally from a portion of the lung by in- 
filtration with tumor cells, the roentgen 
shadow of the region presents the ground- 
glass sign—that is, if the area is large 
enough and if air-containing parenchyma 
is not superimposed thereon. These two 
conditions are not often present, but even 
when they are, neoplasm in pure form is 
readily distinguished from massive atel- 
ectasis by the absence of the environ- 
mental displacements characterizing the 
latter disease. (See below for neoplasm 
associated with atelectasis.) 

Pulmonary Hypoventilation—Owing to 
the partially collapsed state of the par- 
enchyma in pulmonary hypoventilation, 
the normal markings of the lung are 
brought closely together and present a 
mottled appearance that is often just like 
that of pure focal atelectasis (Fig. 4). 
Indeed, when the lung has been partially 
collapsed for days or weeks, both pul- 
monary hypoventilation and compressive 
focal atelectasis are often present and the 
differentiation is impossible. Of course, 


> Bubbles of air are captured in the alveoli at the occurrence 
of infarction by the influx of red cells and serum, They tend to 
remain there for very long periods, probably because the blood 
supply is extremely poor (25). 

®In many hemorrhagic infarcts, foci of atelectasis develop 
first from blockage of the air passages with blood cells and 
desquamated epithelium and later from fibrosis (25) 
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Fig. 16. Massive obstructive atelectasis asso- 
ciated with unresolved pneumonia of the right 
lower and middle lobes (male, 40 years) six weeks 
after onset of symptoms. The upper outer quad- 
rant (A) of the affected field gives the ground-glass 
shadow of atelectasis, while the remainder gives the 
mottled and streaked shadow of pneumonia. The 
mediastinal structures are shifted to the side of the 
lesion. 


visceral displacements are of no assistance. 
However, pulmonary hypoventilation al- 
ways can be told from massive atelectasis 
from the lack of the ground-glass shadow. 

Extra-pulmonary Lesions.—Any_ extra- 
pulmonary mass that encroaches upon 
the lung-field and is uniformly and moder- 
ately radiopaque, like a collection of intra- 
pleural fluid or thickened pleura, gives a 
ground-glass shadow, provided, of course, 
that it is thick enough and does not lie 
over air-containing lung. Because of the 
last requirement, these masses present the 
sign only when they occupy the full depth 
of the pulmonary space and this occurs 
most often at the profiles of the lung-field 
(Figs. 13 and 14). They are readily 
distinguished by the x-ray from massive 
atelectasis when, as is usual, they lack 
environmental displacements of the type 
and extent characteristic of atelectasis; 
but when such displacements do occur, 
as in chronic pleurisy with extensive 
fibrosis, from the contraction of the fi- 
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and 


atelectasis 
pneumonia in the left lung taken from a man 
(45 years) who died one week after gastro-enteros- 
tomy and five days after onset of acute respiratory 


Fig. 17. Massive obstructive 


symptoms. The lower lobe is shrunken and pre 
sents the ground-glass sign of atelectasis, except at 
points where calcareous bronchial plaques cast 
dense shadows (A). The lower fourth of the upper 
lobe is also atelectatic and has the same appearance, 
but the remainder of that lobe is pneumonic and 
mottled. (Reproduced by permission of Dr 
Edward D. Churchill.) 


brous tissue, the roentgenographic ap 
pearances may be quite like those of 
massive obstructive atelectasis of cortical 
distribution.. However, in the great 
majority of these extra-pleural masses, 
the viscera in the neighborhood of the lungs 


7 We know of several cases of pneumonia in children in which 
the differentiation between a local! collection of pleural fluid and 
was possible only by thoracentesis In 
cortical atelectasis was mistaken for 


cortica] atelectasis 
one case reported to us 
empyema and thoractomy by rib-resection was actually done 
but there the mistake could have been prevented by noting and 
shift typical 


viscera 


correctiy interpreting the presence of the 
of atelectasis 


are either not displaced at all or are dislo- 


cated in a different direction than in 
atelectasis. 
Composite Lesions—When massive 


atelectasis and another consolidative di- 
sease occupy the same portion of the 
lung—-that is, when they are superimposed 
upon each other—the ground-glass shadow 
of atelectasis appears over the whole area 
and obliterates all marks of the other 
lesion (Figs. 3, 4, 15, and 16); unless 
masses such as calcific deposits (Fig. 17) or 
air-filled cavities (Fig. 18), which are of 
distinctly different density from the airless 
pulmonary tissues, are present to indicate 
the existence of the second lesion. The 
markings of pneumonia and of tuber- 
culosis are effaced most often by the super- 
imposition of massive atelectasis. Of 
course, when any part of the inflammatory 
field is left without atelectasis, the lung 
markings characteristic of the inflammation 
appear in that region side by side with the 
ground-glass shadow of the atelectasis 
(Figs. 15 and 16). 

When lesions of focal atelectasis form 
in a field containing small bronchopneu- 
monic foci, the composition of the shadow 
does not indicate the fact, but the pres- 
ence of environmental displacements of the 
type and extent characteristic of atelecta- 
sis does so. Focal atelectasis in a field 
occupied by tuberculosis® is well-nigh un- 

* Compressive and obstructive atelectasis, of both focal and 
massive forms, develops very often in association with pulmonary 
tuberculosis. The compressive type is practically always second 
ary to pneumothorax or other cause of local pulmonary com 
pression sronchial obstruction is common in tuberculosis, for 
the infection often begins by involving the lymphoid patches ir 
or close beside, the tertiary bronchi (26) and produces swelling 
caseation, ulceration, and cicatrization (with healing) of the 
bronchial wall. Van Allen and Ch'in (27), by examining a few 
lungs of man at autopsy, have been able to find several example 
of peripheral bronchi abruptly obliterated at points at which 
they passed through small healed tuberculous lesions. In these 
as probably also in the great majority of all instances of 
obstruction in tuberculosis, the lobule of the obliterated bronchus 
was not atelectatic but fully air-containing owing to collatera! 
But where inflammatory swelling (here 


interferes with collatera! 
being focal in form 


cases 


respiration (28, 29) 
tuberculous) of the 
respiration (24) 
where small bronchi are blocked and massive where large bronch' 
are blocked 

We believe that many of the tuberculous lesions that are 
diagnosed as fibroid because of pronounced pulmonary shrinkage 
present that quality because of the presence in the lesions of 
many smal! foci of atelectasis, rather than because of the con 
tissue, as is commonly thought. This belie! 
is entertained because in many cases the lung returns to norma 
with healing The return to normal size « 
reinflation of the atelectatic foci by 
whereas scar tissue would cause per 


parenchyma 
atelectasis must develop 


traction of fibrous 


size coincidently 
readily 
collateral respiration (30) 


explainable by 


manent or, at least. long enduring pulmonary shrinkage 
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recognizable roentgenographically, since 
the composition of the shadow is not 
appreciably different and since the en- 
vironmental dislocation produced by the 
atelectasis does not help, appearing as it does 
also in tuberculosis without atelectasis.’ 

When neoplasms of the lung are asso- 
ciated with atelectasis, from obstruction of 
bronchi or from compression of the par- 
enchyma by the tumor, or from both 
causes, the shadows of the two lesions are 
fused and indistinguishable. The tumor 
may then be unrecognizable as such, or, if 
detected, it may appear much larger than 
it really is. At least the presence of the 
obstructive atelectasis is indicated by the 
occurrence of environmental displacements 
of the atelectatic type (Fig. 2), but even 
the presence of compressive atelectasis is 
frequently undetectable roentgenographi- 
cally. We know of no way to overcome 
these difficulties. 

Intrapleural accumulations of fluid or 
masses of thickened pleura lying at the pro- 
files of the lung-field often seem thicker 
than they actually are, because they 
compress the cortex of the lung and pro- 
duce a layer of massive atelectasis that 
adds to the width of the ground-glass 
roentgen shadow. Displacement of en- 
vironmental viscera does not enter to 
assist the diagnosis. This source of error 
seems to have no remedy. 


SUMMARY 


The difficulties and fallacies in the 
roentgen diagnosis of atelectasis are re- 
counted and shown to be due largely to 
two causes: Lack of agreement in the 
definition of atelectasis and lack of pathog- 
nomonic signs. The preference of the 
authors as to terms is stated, and a 
new sign, “ground-glass” lung, which was 
discovered as a result of a special investi- 
gation, is described and explained. Also, 
some recently acquired facts as to the de- 
gree of shrinkage of the diseased section 


_ 


ie Even histologic examination does not always serve to dis- 
tinguish foci of chronic atelectasis in the tuberculous lung from 
those of fibrosis due to the healing process in tuberculosis, for 
both areas are composed of closely packed fibrous tissue 
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Fig. 18. Massive obstructive atelectasis of the 
right upper lobe superimposed upon chronic fibroid 
tuberculosis (female, 20 years) two years after onset 
The upper lobe presents the ground-glass appear- 
ance of atelectasis except where ‘‘negative shadows”’ 
mark the positions of cavities (4), while the field 
below shows the heterogeneous shadow of tuberculo- 
sis. The mediastinal structures are drawn toward 
the right and the corresponding hemidiaphragm is 
lifted 


of the lungs in pneumonia as compared to 
that in atelectasis are introduced. The 
differential diagnosis of atelectasis is then 
outlined, with special reference to the 
manner of use of the ground-glass lung and 
of the degree of pulmonary shrinkage. 
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CHANGES IN ELECTRIC POTENTIALS AND RATES OF OXIDATION OF THE SKIN SUBSEQUENT 
TO ROENTGEN IRRADIATION! 


By MARVIN M. D. WILLIAMS, Pu.D.,? and CHARLES SHEARD, Pu.D., Division of 
Physics and Biophysical Research, The Mayo Foundation, Rochester, Minnesota 


N most of the experimental work which 
has been done on the effects of irra- 
diation with roentgen rays on _ bio- 
logic materials, an end-effect only, or the 
effect at one definitely specified time after 
the irradiation, has been investigated. 
The purpose of the investigations now being 
reported was to determine the variations 
in the physiologic quantities of frog’s 
skin, namely, the electric potential differ- 
ence across the skin and the rate of con- 
sumption of oxygen of the skin as depen- 
dent on the time after irradiation. Other 
investigations have shown that there is 
some relation between the electric po- 
tentials and the rate of consumption of 
oxygen and that the magnitude of the 
potential difference may be taken as a 
‘measure of life’”’ or of the vitality of the 
skin. The literature regarding the corre- 
lation in living organisms between meta- 
bolic and electric gradients has been re- 
viewed and additional evidence brought 
forth in papers by Child (8), Child and 
Hyman (4+), and Hyman and Bellamy (8). 
The results of the more recent published 
researches will be given in résumé in a 
subsequent part of this paper. 














EXPERIMENTAL PROCEDURE 

In one of our series of experiments, 
measurements were made on the electric 
potential difference across sections of skin 
from both the dorsal and ventral surfaces of 
125 non-irradiated, or control, frogs and 
611 irradiated frogs, and on the rate of 
consumption of oxygen by sections of 
skin from the dorsal surface of 75 control 
and 185 irradiated frogs. The irradiated 
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frogs received a dose of 9,000 roentgens of 
unfiltered roentgen rays. The effective 
wave length (Duane, 6), as measured by 
the absorption in 0.1 millimeter of alumi- 
num, was 0.64 Angstrom and the half value 
layer of aluminum was 0.67 millimeter. 
The intensity of the radiation, when the 
chamber was placed underneath the frogs, 
was 42.5 per cent as great as with the 
chamber on the surface. 

In the second series of experiments, 
measurements were made on the potential 
differences across sections of skin from the 
dorsal and ventral surfaces of 22 control 
frogs and 45 frogs which had received a 
dose of 160,000 roentgens of unfiltered 
roentgen rays. Following irradiation the 
frogs were kept alive until the time at 
which it was desired to make the measure- 
ments. The irradiated frogs in the first 
series were divided into 21 groups, each 
group being used in these experiments 
at a different time, varying from three 
and a half hours to thirty days after 
irradiation. The irradiated frogs of the 
second series were divided into five groups 
which were used on different days from the 
first to the eleventh day after irradiation. 
A dose of 9,000 roentgens had no visible 
effect on the frogs. Doses of roentgen 
rays of 160,000 roentgens were fatal in 
from eleven to fourteen days. 

Sections of skin from three to six frogs 
were used in a single experiment, one of 
the frogs generally being non-irradiated 
and serving as a control. After pithing, 
the skin was removed, washed in Ringer's 
solution, and sections of the dorsal and 
ventral skins put in the cells for the meas- 
urement of potential difference. The 
method of measuring the electric differ- 
ences of potential was the same as reported 
previously by Williams (25) except that 
salt bridges and calomel half-cells were used 
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instead of electrodes of zinc-zinc sulphate 
for the connections between the cells and 
the potentiometric system. The water 
bath was kept at a constant temperature 
of 35° C., instead of 25° C. as in the pre- 
vious investigation. 

Adjacent sections of skin were put in the 
modified Krogh manometers (Krogh, 11, 
and Bodine and Orr, 2) for measuring the 
rate of consumption of oxygen. The 
stopcocks on the manometers were closed 
and the first readings of the potential 
differences were made forty-five minutes 
after the frogs were pithed. Readings 
were taken on both the potential differences 
and on the manometers every fifteen 
minutes until the end of the third hour 
after pithing, every half-hour for the next 
hour, and every hour until the end of the 
tenth hour. At the conclusion of each 
series of readings the sections of skin in 
the manometers were weighed and the 
rate of consumption of oxygen was calcu- 
lated in cubic millimeters per minute for 
each milligram of weight of skin. 

The average value of the potential 
difference for the first ten hours after 
pithing and the average rate of consump- 
tion of oxygen for the first three hours 
were used as the basis for the making of all 
comparisons. Due to seasonal variations 
which were found to arise experimentally 
in the values of both the potential differ- 
ences and rates of consumption of oxygen, 
we compared the data obtained from any 
specified irradiated group with the data 
obtained from controls at about the same 
time. 


EXPERIMENTAL RESULTS 


At the end of three and a half hours 
after irradiation with 9,000 roentgens the 
value of the potential difference across the 
surfaces of both the dorsal and ventral 
skins had increased to a value greater than 
that of the controls. Curves 1 and 2, 
Fig. 1, and Table I show that the values of 
the potential difference continued to in- 
crease and became maximal on the second 
day for the dorsal skin and on the third 
day for the ventral skin. Following this 


initial period of increase, the values for 
the potential differences decreased rather 
suddenly on the day following the maxi- 
mal value and from then on more slowly 
until the ninth or tenth day. On the tenth 
day the value for the ventral skin increased 
to a maximum during the second period 
of increase of values of the potential 
difference and remained high for three 
days, dropping on the thirteenth day toa 
value about the same as that of the con- 
trols. The second period of increase of 
potential difference for the dorsal skin 
occurred about a day later than for the 
ventral skin: on the fourteenth day the 
value dropped below that of the controls. 
The value of the potential difference for 
both surfaces reached a maximum for 
the third period of increase on the six- 
teenth day. The values for both ventral 
and dorsal skins fell below those of the 
controls on the eighteenth day: the value 
for the ventral skin continued to de- 
crease until the twenty-second day and 
the value for the dorsal skin until the 
twenty-fifth day. After reaching these 
minimal values on the twenty-second and 
twenty-fifth days, both values gradually 
increased but were still below the values 
of the controls on the thirtieth day. 
The changes in the dorsal skin were rela- 
tively much greater and more sudden than 
those in the ventral skin. A difference 
in the effects on the two surfaces (ventral 
and dorsal) would be expected, since the 
dorsal skin is thicker and contains more 
glands and pigment than the ventral 
skin and the ventral skin received less 
than half the dose of roentgen rays re- 
ceived by the dorsal surface on account 
of the absorption of radiation by the bodies 
of the frogs. 

The course of the changes in the rates 
of consumption of oxygen (Curve 3, Fig. 
1 and Table I) of the dorsal skin was, in 
general, the same as occurred in the 
measurements on the potential differences 
across the sections of skin. These changes, 
however, preceded the changes in potential 
difference and were relatively smaller in 
general. The third period of increase of 
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consumption of oxygen lasted two days 
longer than the third period of increase 
of potential, reached a minimal value on 
the twenty-second day, and then increased 
quite slowly to the thirtieth day. 
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injury. The curves showing potential 
differences and rates of consumption of 
oxygen indicate that the skin of frogs, 
following an irradiation with a dose of 
9,000 roentgens, through three 


passes 
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Curve 1 shows the values of the potential differences across the ventral 


skin; Curve 2, across the dorsal skin, and Curve 3 the rate of consumption of oxy- 
gen for the dorsal skin on days subsequent to the irradiation of frogs with 9,000 


roentgens of x-rays. 
average values for frogs used as controls. 


The periods of increased potential and 
consumption of oxygen may be considered 
as periods of increased activity or vitality 
and the periods of decreased potential 
and consumption of oxygen may be re- 
garded as periods of lowered vitality or of 


The straight lines a, b, and ¢ represent the corresponding 


periods or cycles of increased activity. 
The ultimate effect, however, is that of 
injury; this becomes evident on about the 
eighteenth day. Recovery is still far from 
complete on the thirtieth day. The curves 
(Fig. 1) showing the relationship between 
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the time subsequent to irradiation and 
the values of the potential differences and 
rates of consumption of oxygen are quite 
siinilar to the curves showing the develop- 
ment of erythema in the human skin 
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three days for the ventral skin and less 
than one day (if not absent entirely) for the 
dorsal skin. Evidently the effect of a dose 
of 160,000 roentgens is definitely injurious 
to the skin. The cyclic type of reaction 


1 a 6 é ( 
Days after irradiation with 160,000 roentgen units 


Fig. 2. Curves show the changes in the potential difference across the skin on 
days subsequent to irradiation with 160,000 roentgens of x-rays. Curve 1 is for 
the ventral skin and Curve 2 for the dorsal skin. 


following roentgen irradiation (Miescher, 
14, Harris, Leddy, and Sheard 7, Pohle 
17, and others). 

Figure 2 and Table II show that the 
potential difference across the dorsal skin 
is much lower in value on the first day 
subsequent to irradiation with 160,000 
roentgens than the potential difference 
of the dorsal skin of the non-irradiated, 
or control, frogs and that it decreases 
rapidly until the eighth day. At the eighth 
day the potential difference across sec- 
tions of the dorsal skin is practically zero, 
indicating that the skin is dead. The 
potential difference of the ventral skin is 
higher than the value of the controls on 
the first day, but falls below that of the 
controls by the third day and continues 
to decrease until death occurs on the 
eleventh to the fourteenth day. The 
period of increased vitality is less than 


is not as evident after a dose of 160,000 
roentgens as after a dose of 9,000, but 
there is some indication of its presence. 


COMMENT 


The conclusion may be drawn from vari- 
ous published researches that electric 
potential differences are associated quite 
definitely with metabolic gradients. Lund 
and Kenyon (13) found that, in the tips of 
roots, the region of active division of cells 
was electropositive to the more basal 
regions and that the region evidencing 
activity of cellular division also had the 
highest respiratory rate. In other papers, 
Lund (12) considered the subject of po- 
tential differences, such as arise across 
the surfaces of frog’s skin, and concluded 
that there was a definite relationship 
between the potential difference and the 
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TABLE I 


Average values for the potential differences across the ventral and dorsal skins from frogs and the average 
values of the rates of consumption of oxygen for the dorsal skin on days subsequent to irradiation with 9,000 
































roentgens 
Time ee Rate of Consumption of Oxygen | 
after Frogs in (in Millivolts) — Value in Cubic Millimeters 
Irradiation Group F ae Gea Each Minute, for Each Milli- 
| Ventral Skin | Dorsal Skin | P | gram Weight, X 107 
Controls | 125 | 39.0 28.5 | 75 2.97 
3.5 hours 35 44 .9- 28.8 | 4 3.39 
1 day 34 O11 39.0 5 3.72 
2 days 32 | 52.7 47 .6 6 2.82 
3 days 33 53.9 32.8 4 3.08 
4 days 33 45.3 | 34.2 5 2.88 
5 days 34 45.6 32.8 5 2.85 
6 days 32 44.5 32.5 3 3.06 
7 days 30 | 42.1 | 33.1 5 3.03 
8 days 32 41.4 32.2 3 2.70 
9 days 32 40.6 | 28.5 5 3.83 
10 days 28 | 45.6 27.4 12 3.77 
11 days 27 | 45.3 | 35.9 13 3.30 
12 days 28 44.5 | 31.4 8 3.33 
13 days 27 | 38.6 31.4 10 2.64 
14 days 27 39.9 | 23.4 14 3.06 
15 days 28 38.6 26.5 14 2.88 
16 days 30 42.1 35.4 17 3.44 
18 days 28 35.5 | 24.8 7 3.39 
22 days 27 28.9 | 20.0 7 2.64 
25 days 25 | 34.3 18.5 14 2.64 
30 days 9 | 35.5 ree + 2.68 
rate of oxygen consumption. Sheard and of the rate of consumption of oxygen re- 


Johnson (22) showed that, in response to 
various qualities and quantities of radiant 
energy, there is a correlation between the 
electric potential differences developed 
across areas situated near the base and 
tip ends, respectively, of leaves intact 
with plants and the metabolic activities 
of such leaves. In 1931 Purdy, John- 
son, and Sheard (18) reported that, in 
normal, healthy persons with normal circu- 
lation of the blood and normal physiologic 
functioning of the skin, there is a definite 
correlation between basal metabolism and 
cutaneous differences of electric potential. 
There is little doubt but that metabolic 
activity and potential differences are corre- 
lated and, therefore, that the electric 
potentials are dependent to a considerable 
extent on the rates of consumption of 
oxygen. 

The correlation between the values of 
the potential differences and consumption 
of oxygen was not definite in the case of 
the samples of skins from frogs within a 
single group. There was a wide variation 
in potential differences, whereas the value 


mained nearly constant. In general, how- 
ever, a skin showing a high potential differ- 
ence also evidenced a higher rate of con- 
sumption of oxygen. This finding would 
indicate that there are factors which may 
influence one of these quantities more than 
they do the other. A thicker skin, ac- 
cording to the theories of Lund, would 
have a greater potential difference than a 
thinner skin, and yet the rates of con- 
sumption of oxygen for each unit of weight 
of skin might be the same. 

In portions of our experimental work 
there was evidence that there is a correla- 
tion between the potential differences and 
the consumption of oxygen. In eleven 
instances determinations were made of the 
consumption of oxygen by both the dorsal 
and ventral sections of skin. The ratio of 
the average values of the potential differ- 
ences of the two surfaces was 1.48, in these 
eleven instances, and 1.36 for the ratio of 
consumptions of oxygen. This indicates 
that, for sections from the same frog but 
from different parts of the body, there is a 
correlation between the potentials and the 
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TABLE II 


Average values of the potential differences across the ventral and dorsal skins from frogs on days subsequent 


to irradiation with 160,000 roentgens 








Time F ’ 
after : Ane 
_ irradiation ee. 

Controls 22 

1 day 10 
3 days 11 

5 days 10 
8 days Ss 
On Oe a... 


consumption of oxygen. Furthermore, the 
course of the seasonal changes in electric 
potentials across sections of the skin 
is paralleled quite closely by the course of 
the consumption of oxygen, again indi- 
cating a correlation between potential 
differences and consumption of oxygen. 

The effects of irradiation on metabolism 
and the rate of consumption of oxygen have 
been investigated by several. Redfield 
and Bright (19) found that irradiation of 
radish seeds caused an increase in the rate 
of production of carbon dioxide. Jugen- 
burg (9) found that irradiation caused 
either an increase or decrease in the basic 
metabolic rates of guinea pigs, depending 
on the portion of the body irradiated. 
Wehmer (24) found that irradiation caused 
an increase in the rate of consumption of 
oxygen of frog’s muscle. Although his 
data are not very complete, there is 
some indication that the course of con- 
sumption of oxygen followed a cyclic 
type of curve similar to the one presented 
in this article. 

The changes in consumption of oxygen 
and the electric potential difference are 
due probably to the effects of irradiation 
on more than one property of the cell. 
Richards and Woodward (21) and Packard 
15) have shown that irradiation may cause 
either a precipitation of or a breaking 
up into smaller particles of the colloids 
of protoplasm, and that it may activate 
or destroy some of the enzymes present. 
Dessauer (5) reported the denaturization 


of pseudoglobin by irradiation, causing 
particles to become visible in Brownian 
The 


movement reaction was not con 
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Potential Difference in Millivolts 





Ventral Skin Dorsal Skin 





60.5 17.6 
64.0 13.5 
57.7 4.0 
39.9 2.3 

33 .4 0.14 
18.7 0.09 


stant, but appeared and disappeared and 
evidenced a cyclic type of effect. 

One of the chief effects of irradiation 
must be concerned with some controlling 
mechanism. This type of effect, while it 
might activate initially processes which 
would cause a temporary increase in 
function, would be primarily or eventually 
injurious to the cells. An effect on some 
controlling mechanism, and one which is 
primarily injurious to the cells, might 
explain the type of results we have ob- 
tained with large doses of roentgen rays. 
On this assumption, a decrease or absence 
of a period of increased activity caused by 
larger doses of radiation, as portrayed in 
Figure 2, would be due to an initial injury 
of so great a magnitude that the in- 
jurious effects would become evident 
shortly after irradiation. It would appear 
that ultimately roentgen irradiation must 
be injurious to the cells, although initially, 
under certain conditions of dosage, such 
irradiation might instigate changes of a 
chemical and physical character (such as 
changes in permeability of cells, charges 
on the surfaces, and increased ionization) 
which would indicate a temporary state of 
increased activity. 

The cyclic type of reaction following 
irradiation may be due in part to cellular 
processes which counteract or repair the 
injurious effects which have been produced 
by irradiation. Oxidative processes which 
are proceeding at an abnormal rate may 
bring into play other reactions which 
tend to inhibit the rate of oxidation. 
After this has occurred, the inhibitory 
agent may cease to exert its influence and 
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the tendency toward an abnormal rate 
again may become evident. It is also 
possible that all of the periods of increased 
activity may not be produced by the 
same underlying cause. 

Kingery (10), Pfahler (16), and Sten- 
strom and Mattick (23), who investigated 
the effects of irradiation on the human 
skin, suggest that the effect is at its 
maximal value at the end of the period of 
irradiation and that, from the time of 
irradiation, the effect in the skin decreases 
according to the logarithmic law. As to 
just what constitutes the primary effect 
of irradiation in the skin is not known 
definitely. However, it is probable that 
this primary effect, whatever it may be, 
would be at its maximum at the end of the 
period of irradiation and, therefore, it is a 
reasonable assumption that the primary 
effect would decrease with time following 
irradiation. 

While it is a logical assumption to 
postulate that the primary effect of irra- 
diation decreases logarithmically following 
irradiation, there is little if any experi- 
mental evidence to show that it does so. 
On the other hand, if the physiologic 
effects in toto, or as measured by certain 
processes which are taking place within 
the cells, are considered, there is direct 
experimental evidence that the effects of 
irradiation appear in cycles and that the 
maximal value may occur long after 
irradiation. | Miescher (14), Bachem (1), 
Reisner and Neeff (20), and Harris, Leddy, 
and Sheard (7) have investigated the cyclic 
appearance of the erythema and the course 
of the pigmentation of the skin following 
irradiation. Pohle (17) obtained the same 
type of curves for the changes in color and 
from a study of the capillaries showed that 
there is a correlation between the changes 
in color of the skin and the number and 
sizes of the capillaries visible under the 
microscope. These and similar results in- 
dicate quite definitely that the physiologic 
effects of irradiation occur in cycles or 
thythmically, at least for a considerable 
period after irradiation and prior to the 
time at which injurious effects are evident. 


SUMMARY 


Measurements were made on the po- 
tential differences across sections of frog’s 
skin and on the rates of oxygen con- 
sumption of skin prior to and after irradia- 
tion with roentgen radiation. 

There was a seasonal variation in both 
the potential differences and the rates of 
consumption of oxygen which paralleled 
the degree of metabolic activity. 

After irradiation with a dose of 9,000 
roentgens, both the consumption of oxygen 
and the potential differences were in- 
creased, in general, for from sixteen to 
eighteen days. The increase was not 
constant but followed a cyclic type of 
reaction somewhat similar to the curves of 
erythema produced in human skin by 
roentgen irradiation. 

Following this period of general in- 
crease, the values for both the potential 
differences and the consumption of oxygen 
decreased to values below those exhibited 
normally and remained below normal on 
the thirtieth day subsequent to irradiation. 

In general, the courses of the curves 
showing the values of the potential differ- 
ences and the consumption of oxygen were 
similar, but the changes in rates of con- 
sumption of oxygen generally preceded 
the changes in the potential differences. 

The changes in both potentials and con- 
sumption of oxygen were more rapid and 
of greater magnitude in the dorsal skin 
than similar changes in the ventral skin. 

Employing a lethal dose of 160,000 
roentgens, the period of increased activity 
was abbreviated, being less than three days 
for the ventral skin and less than one day 
(if not entirely absent) for the dorsal skin. 
The cyclic type of effect was not pro- 
nounced. The injurious effect on the dorsal 
skin was of much greater magnitude than 
in the case of the ventral skin. 

In general, these investigations indicate 
that the effects produced by irradiation 
with roentgen rays on the differences of 
electric potentials and rates of consumption 
of oxygen of the skin are portrayed 
chronologically, subsequent to irradiation, 
as cyclic types of reaction. 
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CORRELATING ANATOMY AND ROENTGENOLOGY' 


By OSCAR V. BATSON, M.D., Professor of Anatomy, Graduate School of Medicine, 
University of Pennsylvania 


==HE student of medicine, whether un- 

dergraduate or practising physician, 

although he may have no interest in 
clinical roentgenology, is vitally concerned 
with the living body; and, therefore, 
dependent upon the technics of roent- 
genology which teach us so much about 
the living. In human anatomy we desire 
to know the living structure and the 
gross function of the body, and anatomy 
has been pursued in the classical way to 
gain this knowledge. This desire agrees 
with the best anatomical tradition, be- 
ginning with Vesalius, yet in most medical 
schools, no matter what the pronounce- 
ments about inadequacies of dead anat- 
omy, the terms ‘“‘anatomy”’ and “‘dissect- 
ing” are still synonymous. Obviously, 
fabrics of the body may be learned in the 
dissecting room but the topographic anat- 
omy of the living must be learned from 
the living. That part of physiology which 
the physiologists do not claim and which 
has, therefore, remained with anatomy— 
the function of muscle groups, the action 
of joints, the mechanics of the chest—is 
likewise not a cadaver study. Anatomy 
to medical students and to physicians 
should mean a study of the living body by 
any means. Naturally dissection has 
played a significant rdle in this study and 
must continue to do so, but it should not 
be emphasized at the expense of exclusion 
of other methods. I explain to my stu- 
dents that in anatomy we study the body 
by any technic which yields knowledge. 
Certain facts may be obtained only by 
dissection but many of these facts are 
useless unless vitalized. In the vitaliza- 
tion, the radiologic laboratory helps us 
most. 

I have taught first-year medical students 


1 Read before the Radiological Society of North America, at 
the Seventeenth Annual Meeting, at St. Louis, Nov. 30-Dec. 4, 
1931. 
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and first-year dental students and I am 
now teaching graduate doctors, preparing 
for special fields of practice. I have ex- 
cellent opportunity to obtain a bird’s-eye 
view of the results of medical school teach- 
ing in anatomy and I am more convinced 
than ever that the teaching of anatomy 
must be in fact the teaching of the anat- 
omy of the living. In the following re- 
marks, I shall draw on my experiences, 
especially those obtained in the Depart- 
ment of Anatomy in the University of 
Cincinnati, where, by trial and error, I de- 
veloped certain teaching methods which 
enabled me, even in the crowded medical 
curriculum, to present the anatomy of the 
living. This technic, as it concerns the 
use of the radiologic laboratory, will be 
described in some detail, because I find 
that the teaching value of the fluoroscopic 
screen and the roentgen film varies with 
the aptness of the presentation. 

My ideas about the use of roentgenologic 
facilities in anatomy were gradually shaped 
during five years of experimentation with 
the x-ray as a teaching aid. In this trial 
period, I found that it was not profitable 
to put view boxes into the corridors or 
into the dissecting rooms, with films chang- 
ing from week to week. As long as the 
instructor looked at the films, the student 
looked. I think that the reason for this 
is obvious: the student did not under- 
stand how to see. Similarly, when the 
students went to a hospital fluoroscopic 
laboratory, because the roentgenologist 
did not know each student’s background 
and because he was not an integral and 
constant part of the teaching program, 
the demonstrations were not properly cor- 
related. 

In introducing the students to the study 
of anatomy, a brief survey of the skeleton 
helps in acquiring terminology. This pe- 
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riod is short, because the skeleton should 
not be studied as dissociated from the 
other parts of the body. 

During the first week, the students also 
study the first film, a roentgenogram of a 
single cervical vertebra. In small groups 
of four or five, they are shown how, point 
for point, the dry vertebra from which the 
roentgenogram was made can be identi- 
fied on the film. This is repeated a suffi- 
cient number of times so that it is possible 
for every one in the group to trace the out- 
line on the film. Next, a series of cervical 
vertebre is examined with its roentgeno- 
gram. When the students become familiar 
with the problem of over-lapping and are 
able to pick out the outlines of any one 
vertebra, they are then shown the films of 
the living neck and are asked to identify 
the parts of the vertebra. Sometimes this 
consideration of the roentgen anatomy is 
preceded by a general discussion of the 
production of x-ray shadows. It is prob- 
ably more effective, however, to present 
these problems as they come up in the 
actual use of the films, giving only the 
bare preliminary information that the x- 
radiation is stopped by certain tissues 
and that the x-radiation influences photo- 
graphic films and certain fluorescent ma- 
terials. 

It will be readily appreciated that, with 
a class of from seventy to a hundred 
students, demonstrations to groups of four 
or five mean a tremendous amount of 
personal teaching. I believe that this 
must be done, however, for it enables the 
teacher or his assistant to clear up ques- 
tions that arise. In the very first week, 
then, of the medical course, my students 
had seen and had identified the parts of 
the vertebral column of a roentgenogram 
taken of the living. 

It is not the purpose of the anatomic 
laboratory to teach the practice of roent- 
genology. The Department of Anatomy 
undertakes to give the students just so 
much of the technic of roentgenology as 
will enable them to see the structures ac- 
curately. In other words, they are being 
instructed in a new method of seeing. 


They must learn to distinguish three di- 
mensions from two. Students are helped 
to pick out the outlines of those normal 
structures with which they are familiar. 
No effort is made to interpret disease 
processes unless they obtrude. 

The second demonstration to the stu- 
dents is based upon the thorax, using the 
dry mounted skeleton, flat films of the 
chest, and stereoscopic films in a duplex 
stereoscope. With this material, two stu- 
dents with an instructor study the films until 
the latter is sure that each student has 
seen the chest in the round and is able to 
pick out the ribs anteriorly and posteriorly 
in the thoracic cage. This demonstration 
is more time-consuming than the first one, 
because the groups are smaller and there 
always are two or three in any class who 
have difficulty with stereoscopic vision. 

The students by this time have had 
sufficient experience profitably to spend 
time looking at films. To supply this urge 
and to check up deficiencies, an old teach- 
ing trick is used: homework is required. 
A series of reduced films with an 8 X 10- 
inch view box is loaned to each two stu- 
dents. Definite tracings are asked for, 
such as the outline of the skeleton as seen 
on the film in one, on a second a tracing of 
the outline of the soft parts, such as the 
heart and diaphragm. In the laboratory, 
view boxes of chest films are on display and 
the instructors go over the outlines of the 
heart borders on the dissected specimen to 
show the anatomic basis of the heart 
roentgen silhouette. After this has heen 
done, the first fluoroscopic demonstra- 
tion is held. 

For this, groups of seven are used, this 
number being decided upon after three 
years of trial in using larger and smaller 
groups. This allows one student to be 
behind the screen for examination, two 
to be placed on a low bench in front of the 
screen, and four more on a second bench 
behind the first one. The instructor is 
behind the entire group. Since his visual 
acuity is cut down by his distance from the 
screen, his remarks will be more nearly 
within the range of understanding of the 
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Each student is kept under 


students. 
observation for a short time and then re- 
placed, so that one student sees the 


thorax of six others. No attempt is made 
to point out all the features on any one 
case, the most obvious points only being 
commented upon. In one student, costal 
respiration will be marked; in another, 
interesting slopes of the clavicles, while 
in a third, the influence of the movements 
of the diaphragm upon the heart may be 
marked. 

At appropriate times, further demonstra- 
tions are given: at Cincinnati, we gave 
a total of seven. For the digestive tract, 
two sets of demonstrations are employed, 
one occurring when a study of the tract is 
begun, to show the position of the viscera 
in the living (for it is folly to allow the 
student to learn a set of relations from the 
text-book, only to tell him a few days 
later that it is all wrong). The other 
demonstration is given as the study nears 
completion, to show the outlines of struc- 
tures and, more especially, to show mo- 
tility. Orthodiagrams are made and these 
are copied full size so that each student 
has his personal one when the surface 
anatomy of the thorax and abdomen is 
studied. These  orthodiagrams are 
mounted in the laboratory, arranged in 
order according to constitutional type, 
so that they may be observed by all. 
With a skin pencil, the outlines of these 
orthodiagrams are traced on the skin of 
the student. The fundamental observa- 
tions of Dr. R. Walter Mills on habitus 
are brought before the students, as well 
as the recent work in this field. These 
procedures complete the correlating of the 
dissection with the living. In many 
laboratories of anatomy and physiology, 
since the time of Sir Charles Bell, the 
outlines of organs have been drawn upon 
the skins of students, but these have always 
been the outlines of dead organs on the 
skins of living students. If it were not 
for the ultra-specialisms in medical edu- 
cation in the present time, physical diag- 
nosis could be taught to advantage here, 
too. As it is, surface anatomy is limited 
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to inspection and to palpation of the 
skeletal prominences, leaving the refine- 
ments of palpation, with percussion and 
auscultation, to the Department of Physi- 
cal Diagnosis. 

By the end of the course, the student's 
knowledge of how to look at the film is an 
advantage to him in studying even the 
more or less fixed parts of the bedy, 
parts which can be studied readily by other 
means. This is seen in the tracings made 
by students from the skull films. I am 
sure that these students have a better 
start in their profession than those to 
whom anatomy is taught without the 
roentgen laboratory. This holds true, 
no matter what type of course has been 
presented. The introduction of the roent- 
gen laboratory need not alter the general 
method of teaching. The spirit of the 
laboratory has always depended upon the 
instructor in charge. Initiative, inde- 
pendence, and habits of observation are 
as readily inculcated about a film or fluoro- 
scopic screen as about the dissecting table. 

The anatomist finds that the roentgen 
ray frequently gives information in a short 
time which otherwise could be acquired 
only laboriously. Omitting from the dis- 
cussion the more obvious field of the rela- 
tions and physiology of the digestive 
tract, we may enumerate a few of the 
types of investigation which have been 
followed. The development of the skeletal 
system, which takes place during child- 
hood and early adult life, at a time when 
it is hardest to obtain anatomic materia! 
for study, would be practically barren 
were it not for the many thousands of 
films made of the growing skeletal system. 
The roentgen ray, moreover, enables one 
to obtain the equivalent of skeletons of the 
same individual at different ages. Any of 
us, in a relatively short time and at no 
great expense, can develop a_ collection 
of films showing the development of the 
skeleton, that, for content, would put to 
shame the skeletal material of old, es 
tablished museums. The various ducts 
and tubular structures of the body, even 
should they be unsuited for study in the 








living by the roentgen method, can be 
studied conveniently on anatomic speci- 
mens. 

The practitioners of certain of the 
specialties, particularly of ophthalmology 
and otolaryngology, may not think of 
themselves as being anatomists, but they 
are, nevertheless, for they make extensive 
observations on variations. When they 
refer a patient to a roentgenologist for 
examination, the roentgenologist can re- 
port upon pathologic changes found; but, 
in addition, it is certainly within his prov- 
ince as a consultant to indicate the 
anatomy as found in the living in the par- 
ticular case at hand. Certainly in the 
skull the individual variation is so great 
that, except for the broadest generaliza- 
tions, the text-book descriptions are in- 
adequate. 

The roentgenologist can make daily 
use of the rich anatomic and anthropologic 
material found in the libraries of books and 
specimens. The large body of known facts 
about the peculiarities of the ossification 
of the skull in the various races is par- 
ticularly significant in the mixed popula- 
tion which we have in America. The 
knowledge of accidents of development, 
such as the persistence or disappearance 
of sutures and fontanelles, is of daily 
value. If the roentgenologist is to act as 
an anatomic consultant as indicated above, 
he must be familiar with the structures, 
not only as he sees them in two dimensions, 
but in the three dimensions in which the 
other specialists view the parts. The aid 
which anatomy can render to roent- 
genology is, however, not all in the past 
tense and, therefore, already available in 
books or in collections of specimens. 
There are many problems, particularly in 
the head, neck, and chest, which are yet 
to be worked out. The field of vascular 
anomalies has been incompletely studied. 
Up to this time anomalous vessels have 
been discovered on the roentgen film by the 
location of shadows which were cleared up 
later by autopsy findings. I am propos- 
ing that the known variations in the great 
vascular trunks be restudied, this time not 
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from the standpoint of embryologic de- 
velopment but from the standpoint of 
their contours and particularly their out- 
lines as they would appear in silhouette. 
For example, I think that I am able to 
recognize a left superior vena cava in the 
roentgen films because of silhouette studies 
made of this rather unusual anomaly on 
the anatomic specimen. In other words, 
I am proposing that we reverse the com- 
mon method of finding a shadow, then 
looking for its explanation. Instead, we 
shall endeavor to find out the sorts of 
shadows which may be expected from the 
occasionaly occurring variations which 
come to light, or have come to light, in 
the laboratories of anatomy and pathology. 

It must be remembered that in America, 
at least, the roentgenologist will be com- 
pelled to study bone pathology in the 
anatomic laboratory. With the incom- 
pleteness of postmortem examinations 
which popular opinion makes necessary, 
it is practically impossible to obtain 
specimens of the long bones or of the bones 
of the face for gross or microscopic study 
of pathologic change. 

Furthermore, the roentgenologist will 
find a large group of young adults as 
students in the anatomical laboratory and 
he will find that they will willingly co- 
operate by furnishing themselves as sub- 
jects in obtaining series of normal films. 
Here it should be pointed out that films 
obtained from any group of individuals 
not presenting symptoms are of more value 
than the so-called normal films which the 
roentgenologist culls from his files. The 
subject of the film in the roentgenologist’s 
laboratory was undoubtedly presenting 
some symptoms, and, while there may be 
no gross change detectable, there may be 
present changes of tone and minor changes 
of structure which would prevent them 
from being classed as strictly normal. 

In conclusion, I hope that I have shown 
you that, while the study and teaching of 
anatomy have more to gain in the ap- 
proach to their problems of the structure 
and gross function of the living from the 
technics of roentgenology than from any 
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other method, this important aid must 
be presented in a systematic and well- 
thought-out manner to be most effective. 
As for the correlation of anatomy and 
roentgenology for those who profess these 
disciplines, the greatest number of prob- 
lems will be worked out with the anato- 
mist seeing the body through the film or 
screen of the roentgenologist and the roent- 
genologist visualizing or feeling the third 
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dimension with the sensorium of the 
anatomist. The ideal situation will prob- 
ably be realized when the anatomist and 
roentgenologist are intimate confréres and 
when everywhere there are radiologic as 
well as dissecting facilities in the anatomi- 
cal laboratory, and when there is as large 
a reference library of anatomical speci- 
mens in the roentgen laboratory as op- 
portunity will permit. 














DIFFUSE INTERSTITIAL CALCINOSIS' 


REPORT OF A CASE, 


WITH A REVIEW OF 


THE LITERATURE 


By THOMAS SCHOLZ, M.D., New York 


RHE name “‘interstitial calcinosis” was 
jj introduced and the condition defined 
~ as a nosological entity by Krause, in 

1409. 

The disease is anatomically characterized 
by inflammatory changes in the inter- 
stitial connective tissue of the muscles and 
the subcutaneous region, with secondary 
calcium deposits confined to the fibrous 
elements. It may occur in either a lo- 
calized or a diffuse form. As the condition 
is rare and especially in view of the fact 
that postmortem studies have been made 
in only three instances, it may be of 
interest to report an additional case, 
with autopsy findings. 

The case to be reported was observed 
by me some years ago in the roentgen de- 
partment of the Montefiore Home. Its 
findings were brought into recollection 
recently in connection with the preparation 
of a paper on calcification in scleroderma, 
on account of the great similarity in the 
roentgenologic appearance of these two 
conditions. 

Prior to her admission to the Montefiore 
Home the patient had been in the Mt. 
Sinai Hospital, where the diagnosis of 
calcinosis was made clinically by Dr. 
Sara Welt, and radiographically by Dr. 
Leopold Jaches. It is with a feeling of deep 
appreciation that advantage is being taken 
by me of the permission kindly granted by 
both Dr. Welt and Dr. Jaches to publish 
the case first. 


REPORT OF CASE 


F. M., 11 years of age, was admitted to 
the Montefiore Home on Dec. 27, 1916. 

Family History.—Mother had died of 
diabetes two years previously. Father, 
a brother, and a sister alive and well. 


Demonstrated before the New York Physicians Association 


Feb. 4, 1919 


yA 


had_ had 
measles and scarlet fever in early child- 
hood, from which she apparently recovered 


Past Personal Ilistory.— She 


completely. She felt well until the onset of 
the illness about to be reported. 

Present Illness.—Sixteen months _ be- 
fore, without any undue exposure to cold 
or other apparent cause, she experienced 
a sudden attack of pain in both legs. 
This attack lasted approximately three 


weeks, after which it gradually disap- 
peared. While it lasted, the pain was con- 


stant, but varied greatly in intensity, 
being worse during the night. It did not 
involve the knees, which showed free 
motion. There was no swelling, discolora- 
tion, or any change in the appearance of the 
skin. Appetite, bowels, and urination 
were normal. The sleep was disturbed on 
account of the pain. 

Three months later the pain recurred, 
this time involving all the extremities and 
being associated with diffuse swelling. 
However, the joints again were free. A 
week later swelling of the neck ensued, 
with a slight rise in temperature. There 
was no dyspnea, precordial pain, sore 
throat, or other symptoms save the above. 
A few weeks later, approximately s7x 
months after the onset of the disease, there 
appeared in both lower extremities small hard 
nodules which could be palpated through 
the skin. These nodules were not tender. 

During the following months the skin 
of the extremities, and, to a lesser degree, 
also of the neck and face, became edema- 
tous and presented in many places a reddish 
discoloration. ‘This gradually disappeared 
and the skin became dry, scaly, and tense, 
showing patches of brownish discolora- 
tion. ‘Shere was a feeling of tightness all 
over the body. Evidently due to the 
tenseness of the skin and its apparent loss 
of elasticity, the movements of the joints 
of the extremities, neck, and maxilla 
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became impaired, so that there developed 
difficulty with walking and mastication. 
Hard nodules appeared also in the upper 
extremities and around the neck and in- 
creased in number. A moderate loss in 
weight began to take place. 

Status on Admission.—The patient is a 
poorly nourished girl, presenting a some- 
what mask-like facial expression. The 
skin of the entire body, including the 
scalp, is dry and scaly. It is tense, without 
elasticity, fixed to the subjacent tissues, 
and shows a brownish discoloration. Over 
the distal parts of the lower extremities the 
color is bluish, intermingled with occa- 
sional small reddish patches of irregular 
form. All over the body, but especially 
on the face and upper part of neck, there 
are numerous small, fine, flat scars of 
bluish, reddish, or white color, varying 
in size from that of a grain of wheat to that 
of a grain of corn. Over both internal 
condyles there are decubitus ulcers. There 
is swelling of the cervical, but not of the 
axillary or popliteal, glands. Over the 
occipital region is seen a bald spot, evi- 
dently due to pressure. 

Palpation shows evidence of atrophy 
affecting all muscle groups, but especially 
the extensors of the knees. A number of 
small, hard, non-tender nodules are felt 
through the skin of the extremities, but- 
tocks, and neck. Some of them are im- 
mediately underneath the skin and even 
appear to project through it. 

Motion in most of the joints, especially 
in those of the extremities, is limited, evi- 
dently due to tenseness of the skin and 
contractures of muscles. The jaws can 
not be opened beyond one inch. This, 
also, is due to contractures of the muscles, 
as the articulation itself appears to be 
free. The flexor tendons at the knees are 
prominent, with extension greatly limited. 
Attempts at full extension are painful, so 
that some of the joints, especially the 
knees, are automatically kept in semi 
flexed position. The joints themselves are 
free. There is no tremor or ataxia, no 
pain or tenderness on palpation. 

Examinations of the eyes, ears, throat, 
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Fig. 1. Calcium deposits in the left upper extremity. 


tongue, nose, lungs, and heart are negative. 
Reflexes are normal. 
The urine showed a few hvaline and 


granular casts. Red blood cells were 
4,000,000; white cells, 10,000. Blood 
pressure was 100 70. The Wassermann 


test was negative. 

Further Course of the Disease.--For about 
a vear the condition remained quite sta- 
tionary. The patient walked little, and 
that with great difficulty. Gradually, 
however, the tenseness of the skin be- 
came more marked and the contractures 
of the muscles increased, so that finally, 
about six months prior to her death, the 
patient became permanently bedridden 
To avoid discomfort she lay in a semi- 
flexed posture, with the legs drawn up and 
acutely flexed upon the abdomen 

Later, pain developed which evidently 
was due to the increase im the various 
muscle contractures. Gradually the sub 
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Fig. 2. 
extremity. 


Calcium deposits in the right upper 


cutaneous nodules also increased in num- 
ber and now became painful. Decubitus 
ulcers developed over the buttocks. 
Breathing became shallow, evidently due 
to an increasing tightness of the skin, 
tachycardia grew pronounced, and evi- 
dence of pulmonary involvement set in. 
The patient's discomfort rapidly increased. 
For a few days before death she was in 
extreme pain. She succumbed finally to a 
sudden pharyngeal spasm during an at- 
tempt to swallow food. 

Duration of the disease: two years and 
ten months 


Roentgen Examination (Dec. 29, 1916).— 
Radiography of the entire muscular sys- 
tem revealed extensive calcium deposits 
throughout the soft tissues of all the 
extremities, most in evidence in the thighs, 
legs, upper arms, and forearms, while 
hands, feet, and hips presented only an 
occasional solitary small patch. Few 
small calcified areas were found in the soft 
tissues of the trunk and neck, while the 
soft parts of the head revealed none. 
Most of the deposits in the extremities 
were confluent, presenting longitudinally 
arranged patches. Isolated deposits ranged 
from pinhead size to small clusters of 
various sizes and shapes. Plates taken 
at different angles revealed that the cal- 
cified areas were situated on various hori- 
zontal levels of the soft parts and that they 
had no connection with the bones. Meas- 
urements also showed that the calcifying 
process was most pronounced just below 
the subcutaneous region (Figs. 1-4). 

The lungs presented a few infiltrative 
spots within the apices, especially the left. 
The diaphragmatic excursions were shallow 


and rapid. The heart was moderately 
hypertrophic. The aorta appeared nor- 
mal. 


The genito-urinary tract failed to present 
any demonstrable abnormality. 

The stomach was dropped, elongated, 
and very atonic. Peristalsis was greatly 
diminished. ‘There was a marked gastric 
residue after six hours. The small in- 
testine showed no abnormality. The colon 
was ptosed and presented pronounced 
stagnation. 

The bony system revealed no ab- 
normality as to size, shape, or epiphyseal 
development. The existing diffuse bone 
atrophy was such as could be satisfactorily 
explained on the basis of inactivity. 

The further course of the patient’s 
condition was checked up by repeated x- 
ray examinations, which failed, however, 
to reveal any additional information ex- 
cept that the number of calcified areas 
appeared to increase slightly and that 
definite evidence of a left apical tubercu- 
losis, with pleural involvement, developed. 
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Postmortem Findings.—Grossly it was 
found that the calcifying process in the 
extremities was most pronounced in the 
superficial muscular layers. In many 
places there were small cyst-like cavities 
containing degenerated fibrous tissue im- 
pregnated with calcium salts. The muscles 
in the calcified areas showed a marked in- 
crease in fibrous tissue and _petechial 
hemorrhages appeared throughout the 
muscle structure. 

Microscopic examination revealed an 
increase in the connective tissue not only 
of the septal, but also of the interfibrillar 
elements. These connective tissue bundles 
appeared in many places four or five times 
normal size and seemed to press apart the 
muscle fibers. There was infiltration of the 
interstitial tissue with small round cells. 
The muscle fibers in places presented a 
good amount of striation: the number of 
their nuclei was increased and sometimes 
arranged in long lines. In other places the 
individual muscle fibers appeared markedly 
shortened and on cross-section their di- 
ameter was often seen to be either enlarged 
or diminished. The striation was almost 
entirely absent and round-cell infiltration 
was seen to invade the muscle fibers. The 
increased connective tissue appeared hard 
and crude, with less round-cell infiltration. 

In the skin the blood vessels were 
markedly thickened. In many places the 
epithelial layers were absent, having been 
replaced by connective tissue. 

The calcium, which consisted of 75 per 
cent calcium phosphate and 25 per cent 
calcium carbonate, was deposited in form 
of very fine corns along the connective 
tissue fibrils. These calcium deposits 
were strictly confined to the interstitial 
tissues, not involving the muscles, no 
matter what degree of degeneration the 
latter presented. In the tendinous por- 
tions of the muscles, also, the calcification 
was confined to the enclosing fibrous 
sheaths. 

In a number of places the calcium de- 
posits were arranged in the form of clusters 
situated in cavities. Some of these minute 
cavities were found in the deeper layers of 
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Fig. 3. Calcium deposits in the left lower 
extremity. 


the corium and in the subcutaneous fat 
tissue, and were surrounded by hard 
fibrous tissue, poor in cellular elements. 
In some instances the inside of the cavity 
was divided by connective tissue strands. 
These calcified changes, when involving the 
fat tissue, gave a picture quite different 
from that usually presented by fat necrosis 
with secondary calcification. Similar clus- 
ters of calcium deposits within small cavi- 
ties were found in the deeper muscular 
layers. 

Outside of the above anatomical findings 
there was evidence of an advanced left 
apical tuberculosis, with bronchopneu- 
monia and pleural adhesions. The mes- 
enterial glands contained no calcium de- 
posits. The thyroid gland was not en- 
larged nor did it present any macroscopic 
changes on cross-section. 
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Fig. 4. 
extremity. 


Calcium deposits in the right lower 


REVIEW OF LITERATURE 


As the cases belonging to the group of 
interstitial calcinosis have been published 
in the vast majority of instances under 
various names, the perusal of the litera- 
ture was somewhat difficult. The case 
histories are fairly typical, and the reader 
is referred to the appended bibliography. 


CASES ERRONEOUSLY CLASSIFIED BY SOME 
WRITERS AS BELONGING TO THIS GROUP 


Meyer’s (27) patient was a man of 45 


whose leg was amputated for chronic 
suppurative gangrene. The author found 


in the specimen extensive “‘ossification of 
the muscles and tendons.”’ A study of the 
article makes it evident that the case was 
one of chronic osteomyelitis with secondary 
calcification. 

Milian (28) described, in 1899, the case 
of a girl, 8 years of age, in whom (evidently 
secondary to a trauma) there developed 
an abscess in the plantar region of the 
left foot. Incision of the abscess released 
greasy pus. The patient had been and 
remained otherwise perfectly healthy and 
presented none of the characteristics of 
interstitial calcinosis. 

Beck (1) reported, in 1901, the case of a 
man, 42 years old, who first had had an 
inflammatory condition of the right big 
toe which necessitated amputation. The 
specimen showed calcium deposits. Two 
years later a fluctuating tumor appeared 
on the dorsum of the left hand. Operation 
revealed extensive destruction of the soft 
and bony parts, associated with calcifica- 
tion within the soft tissues, especially the 
tendons. This case, also, fails to present 
any of the other features typical of our 
group. 

Wolff's (48) patient was a man of 62 
in whom there developed in the right thigh 
a large abscess which opened spontane- 
ously and discharged a great amount of 
greasy pus. Subsequent operation re- 
vealed calcium deposits in the tendon of the 
semi-tendinosus muscle. Radiographic ex- 
amination showed the presence of similar 
calcium deposits in the left thigh. In 
view of the co-existence of extensive 
calcification of the arteries and the ab- 
sence of any other characteristics of our 
group, it is fair to explain the findings in 
this case on an arteriosclerotic basis. 


CLINICAL MANIFESTATIONS 


The most outstanding clinical feature 
of the condition termed by Krause “‘inter- 
stitial calcinosis”’ is the appearance of small 
hard subcutaneous nodules which have the 
tendency to open spontaneously and to 
discharge greasy pus, leaving slowly heal- 
ing ulcers. These nodules may make their 
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first appearance in any part of the body, 
but usually in the extremities, especially 
the lower, in the buttocks, and in the neck. 
From the initial sites they may either 
spread over large areas and even over 
the entire body, as a rule symmetrically, 
or they may remain localized. They are 
usually at first not painful or tender, but 
may become so later. They remain small, 
only rarely increasing slightly in size. 
The appearance of the nodules is as 
a rule preceded, less frequently followed, 
by cutaneous changes, the skin becoming 
first swollen and red, later dry, indurated, 
glossy, and tense, showing usually brown- 
ish, rarely bluish, discoloration and often 
also small whitish scars. 

In the diffuse form, which is by far the 
more common type, there develop later 
muscle atrophy and muscle contractures, 
especially in the flexure muscles. These, 
together with the tense skin, cause an 
increasing ankylosis of the joints. Thus we 
obtain in the fully developed and advanced 
stages the picture of a patient unable to 
walk, finding most comfort in a semi- 
flexed posture. Mastication is interfered 
with; the breathing is shallow and rapid; 
the face has a mask-like appearance; 
bed sores develop; with increasing muscle 
contractures, pain becomes acute and 
permanent; the nodules increase in num- 
bers and become acutely tender, emacia- 
tion is progressive, and finally, all these 
signs and symptoms indicate the stage 
which leads to exitus. Pulmonary tuber- 
culosis or aspiration pneumonia is apt 
to develop in the final stage and may prove 
the immediate cause of death. 

The onset is sometimes most insidious, 
so that the appearance of the subcutaneous 
nodules may be the first noticeable sign. 
In other instances the first evidence is the 
formation of an abscess which either 
spontaneously or on incision discharges 
greasy pus. In still other cases the patient 
complains first of a sense of fatigue in 
the extremities, without any objective 
evidence. Rarely does the disease show 
an acute onset, with sudden swelling and 
reddening of the skin. 
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Its course is slow and characterized by 
intermissions and remissions. Gradually, 
however, sometimes over a period of many 
years, a downward progress of the condi- 
tion can be noticed. 

The localized form, much less common, 
may involve any part of the body, but 
preferably the fingers and toes. In con- 
trast to the diffuse form, its onset usually 
is acute, with swelling and reddening of 
the skin, to be followed later by the 
appearance of subcutaneous nodules. Its 
course, also, is characterized by inter- 
missions and remissions. It rarely leads 
to deformities, but remains on the whole 
stationary and does not vitally interfere 
with the patient’s general health. Here, 
too, the skin usually assumes later a dry, 
tense, scaly, brownish appearance, and the 
nodules have a tendency to break down and 
to discharge greasy pus. 

The prognosis is bad in the diffuse 
form, good qguoad vitam in the localized 
form. A complete recovery has not been 
reported yet in either type. 

In its diffuse form, the disease usually 
begins in the first or second decade, rarely 
later. The localized form occurs in per- 
sons of middle or even advanced age. 
Females are more susceptible to it than 
males. 


CLINICAL DIFFERENTIAL DIAGNOSIS 


The palpable subcutaneous nodules, with 
their tendency to break up spontaneously 
and to discharge greasy pus, definitely 
settle the diagnosis of interstitial calcino- 
sis. Differential diagnostic considerations, 
therefore, are applicable only to the pre- 
nodular stages of the disease during which 
the clinical picture as a rule is dominated 
by skin changes. As the latter may repre- 
sent any degree, ranging from the edema- 
tous to the most advanced atrophic 
stage and may involve to any extent and 
in any form practically any part of the 
body, we have to keep in mind, for local 
differentiation at least, all those condi- 
tions which are associated with the same 
or similar cutaneous findings, namely, 
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scleroderma, dermatomyositis, scleredema 
melorheostosis, Meige’s trophoedéme, and 
myxedema. 

The differentiation from myxedema is 
self-evident on the basis of the other 
clinical data. The analogy with melo- 
rheostosis, a condition first described by 
Leri and Joanny (22) and characterized 
by a flowing hyperostosis of one single 
limb, may appear far-fetched. How- 
ever, it will not be found to be so if we 
remember that in this disease there may 
occur, as pointed out by Meisels (26), 
symmetrically arranged extensive skin 
changes consisting of induration, glossy 
and tense appearance, and occasionally 
bluish or brownish discoloration. The 
differentiation is made roentgenologically 
as explained below. 

The distinction from scleredema adul- 
torum, a condition first described by 
Buschke (5) and recently exhaustively 
reviewed by Epstein (12), may prove for a 
long period of time difficult or even im- 
possible until the diagnosis is decided 
by the appearance of the subcutaneous 
nodules in favor of calcinosis, or by the 
complete disappearance of the skin changes 
in favor of scleredema. The cutaneous 
changes in calcinosis are permanent: calci- 
fication never takes place in scleredema. 

In Meige’s trophoedéme there is a ten- 
dency toward elephantiasis and the condi- 
tion often is associated with spina bifida 
occulta so that radiography may prove of 
differential diagnostic value. 

Dermatomyositis and scleroderma may 
produce exactly the same clinical picture 
as interstitial calcinosis, so that a definite 
differentiation may be and often is abso- 
lutely impossible until the appearance of 
the subcutaneous nodules; and even then 
a distinction from scleroderma may be 
very difficult because, in the latter condi- 
tion also may occasionally be noted small 
superficial nodules which may break up 
and discharge greasy pus. 


ETIOLOGY 


mentioned 
tuberculosis, 


factors are 
rheumatism, 


As 
cold, 


etiologic 
trauma, 


parasitic infection of unknown origin, etc. 
In a large percentage of instances, however, 
it is stated that the condition started 
without any apparent cause; yet, in study- 
ing the case histories the reader is im- 
pressed by one fact which has not been 
thus far mentioned by any writer on the 
subject, namely, that all the patients be- 
long to the poorer class, living, in most 
instances, under poor hygienic and inade- 
quate nutritional conditions. Besides, in 
some cases other chronic conditions like 
tuberculosis or rickets, contributed to 
weakening the patient’s state of health. 
It seems to me, therefore, that in this 
disease a lowered vitality of the tissues 1s the 
predisposing factor, and that with this as a 
basis some additional causa nocens, either 
in form of a cold or a trauma, may act as 
the direct cause of the disease. That 
trauma plays a role is strikingly shown by 
the cases of Duret, Jeanne, Dietschy, Morse, 
and Friedlander, while those of Neu- 
wirth and Krause are examples of the 
theory of cold. 
ROENTGEN-RAY FINDINGS 

The x-ray findings are characterized 
by the usual shadows suggestive of calci- 
fication, the size and shape of these 
shadows depending upon the stage of the 
disease. In comparatively early cases, 
like that of Morse, the shadows are small 
and present no definite arrangement. 
Later, with the increase in the calcifica- 
tion, they become larger, may coalesce, 
and assume the form of plaques which 
present a longitudinal arrangement. Some 
of them may attain a massive appearance, 
especially around the large joints. 

In the diffuse form, the calcium shadows 
are distributed mainly throughout the 
legs, thighs, forearms, and upper arms, 
rarely—and then usually to a much lesser 
degree —throughout the hands, feet, trunk, 
and face. Calcification within the ab- 
dominal wall is best shown by means of 
lateral views. Calcium deposits within the 
mesenteric glands, as found on autopsy 
in the cases of Tilp and of Versé, may be 











— 
ee") Nn 








SCHOLZ: 


expected to be visualized radiographically 
intra vitam. The roentgenograms of the 
specimen in Versé’s case showed charac- 
teristic ring-like shadows. 

The calcium shadows are not confined 
to the areas of the palpable subcutaneous 
nodules, but are diffusely scattered also 
outside of the tumors. By means of plates 
taken at various angles it can be shown 
that the calcified spots are situated on 
various levels of depth, extending from the 
subcutaneous region down to the deepest 
muscle layers. The shadows have no con- 
nection with the bony parts. 

It is of great interest to note that 
calcified spots may be found radiographi- 
cally in regions over which the skin may 
appear perfectly normal; and, on the 
other hand, no calcium deposits may be 
found in areas over which the skin presents 
most advanced changes. It is, therefore, 
advisable in this type of case always to 
x-ray the entire body. Such systematical 
complete radiographic surveys are, for 
obvious reasons, a far better means of 
widening our knowledge as to the occur- 
rence and distribution of these calcium 
deposits than postmortem examinations. 

It may also be of great importance for 
the sake of the therapeutic results to order 
X-ray examinations in the early stage of 
the disease. One may thus occasionally 
succeed in arriving at a correct diagnosis 
long before the appearance of the sub- 
cutaneous nodules or even before the 
beginning of atrophic skin changes, where- 
by therapeutic measures may be at once 
begun. 

The bones present no abnormality ex- 
cept for a moderate degree of atrophy, 
nor are there any bony arthritic changes. 


ROENTGENOLOGICAL DIFFERENTIAL 
DIAGNOSIS 


In regard to roentgenologic differential 
diagnosis there have to be considered 
mainly scleroderma, to a lesser degree 
also hemangioma and melorheostosis. The 
differentiation between calcinosis and 
scleroderma, as described by me recently 
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(40), is impossible except, perhaps, with 
the aid of the clinical data. Calcification 
in hemangioma, as reported by Ruggles 
(37), Johnson (18) and others, may be 
definitely distinguished from calcinosis by 
its characteristic small, round, concentric, 
calcified bodies. In melorheostosis there 
may occur massive calcium deposits around 
the large joints of the involved limb. 
These calcified areas, as described, for 
instance, by Meisels (26) around the right 
hip, and by Kraft (19) at the left shoulder, 
may remind one of the calcifying process 
in our cases. However, the co-existing 
characteristic bony changes make a differ- 
entiation easy, and the readiness with 
which interstitial calcinosis is  distin- 
guished roentgenologically from myo- 
sitis ossificans is self-evident. Since cal- 
cium deposits in abscesses are not very 
rare, such radiographic findings are dis- 
tinguished from calcinosis by the fact that 
they are confined to the abscess area. 


PATHOLOGY 


The anatomical picture is characterized 
by a marked hypertrophy of the inter- 
stitial connective tissue, with calcium 
deposits within the latter. The small, 
hard, subcutaneous nodules which are 
felt on palpation are produced by clusters 
of calcium deposits within bundles of 
hypertrophied fibrous tissue. There is 
also, however, as shown by the x-rays, 
calcification outside of the nodules, the 
latter being situated not only immediately 
underneath the skin, but also in the deeper 
soft tissue layers, entirely outside of the 
reach of external palpation. The number 
of palpable nodules, therefore, is no re- 
liable indicator for the extent of the 
calcifying process. With the connective 
tissue hypertrophy is associated a_ dif- 
fuse myositis at various stages; how- 
ever, there also may be found large areas 
of myositis without connective tissue 
changes. 

The calcification process ts confined 
strictly to the fibrous tissue, and here only to 
those fibers which have undergone a certain 
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amount of degeneration. Muscle fibers, no 
matter how degenerated they may be, con- 
tain no calcium salts. 

The calcium is deposited in form of 
fine glistening grains along the connective 
tissue fibrils, and sometimes it is secn in 
small vacuoles filled with degenerated 
fibrous tissue. Toward the skin, the 
hypertrophied fibrous tissue is seen de- 
stroving and replacing the subcutaneous 
fat. In bioptic examinations, in which 
the removed specimen, for obvious rea- 
sons, is obtained from a comparatively 
superficial layer, this fibrous degeneration 
of the subcutaneous fat may be and has 
been mistaken for fat necrosis. This is 
similar to that found in the abdominal 
cavity in acute pancreatitis in cases in 
which the lesion is due to lipolytic ferment, 
so that the presence of such a ferment in 
the subcutaneous tissue has been assumed. 
This, of course, is not so. The subcu- 
taneous changes in calcinosis have noth- 
ing to do with what usually is understood 
by fat necrosis. In our cases the process 
is a mechanical crowding out, destruction 
and replacement of the fat by the hyper- 
trophied connective tissue extending from 
below. In the skin, the blood vessels are 
markedly thickened and in many places the 
epithelial layer is replaced by connective 
tissue. 

Calcium salts may also be found de- 
posited in the mesenteric glands. Here, 
too, the calcification process involves not 
the glandular, but only the connective 
tissue, elements. Enlargement of the thy- 
roid has occasionally been reported. 

There are no pathologic bony changes, 
the moderate amount of diffuse atrophy 
encountered in advanced cases of long 
standing being due to inactivity. 


COMMENT 


Though the cases grouped under the 
term ‘‘interstitial calcinosis’’ evidently 
present a characteristic clinical and patho- 
logic picture, yet there exists a noticeable 
divergence of opinion in regard to the 
nature of the disease. While some authors, 


as, for instance, Krause (21), Versé (43), 
and most of the French authors, consider 
it a separate clinical and pathologic 
entity, others believe it to be only one 
phase of a long-continued inflammatory 
process common also to certain other 
diseases. Thus Oehme (33) is of the 
opinion that the name “‘interstitial cal- 
cinosis’’ merely indicates one single diag- 
nostic point occurring evidently in the 
last stage of the disease. He, therefore, 
suggests “‘universal sclerosis of the con- 
nective tissue’ as a more appropriate 
name for the disease, which latter he 
places among the large group of sclero- 
dermas. 

There is no doubt but that the calcifica- 
tion process in our cases is only one inci- 
dent of an advanced stage of a chronic 
condition, which otherwise presents a 
surprising similarity with cutaneous 
changes occurring in various other di- 
seases. This similarity is at times so 
striking that one cannot help assuming 
that some of these diseases probably are 
only various degrees of one and the same 
pathologic process. The interrelationship 
between these various types of cutaneous 
manifestations, about which we know 
little yet, would possibly be better under- 
stood if, instead of classifying them as 
separate clinical and pathologic entities, 
we would group them under one term 
like ‘‘cutaneous sclerodema”’ and_ then 
study the analogous and divergent fea- 
tures of each. Such a comparative study 
will reveal, as is being suspected by 
various authors, that there is not only 
a clinical, but to a certain extent also a 
pathologic-anatomical similarity between 
some of these cases. Connective tissue 
hypertrophy, for instance, is found in all 
of them, but in varying degrees. The 
original factors causing interference with 
the blood and lymph supply of the skin 
may in some instances be of a_physio- 
chemical nature, correction of which may 
bring about a complete restitutio ad inte- 
grum as observed in scleredema adultorum. 
In other cases the basal cause may be 
mainly of endocrinologic character, while 
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in still others, the basal lesion is of a purely 
anatomic type. In interstitial calcinosis 
it is, according to our present autopsy 
experience, quite certain that the condi- 
tion begins. with a myositis, accompanied 
or followed by a connective tissue hyper- 
trophy. As the latter gradually invades 
the subcutaneous region, skin changes 
begin to appear. The period of the 
appearance of cutaneous changes depends, 
therefore, upon the rapidity with which the 
fibrotic process reaches the region of the 
skin. The hypertrophied connective tissue 
then undergoes retrogressive changes 
which are followed by the deposition of 
calcium salts in the degenerated fibrous 
elements 

In regard to the nature of the calcifying 
process in these cases a certain amount of 
understanding may be obtained by a brief 
consideration of the problem of calcifica- 
tion. 

As pointed out on previous occasions 
(38, 39), it is well to accept the usual 
classification of calcification into the meta- 
static and dystrophic forms. 

The metastatic calcification, as first 
described by Virchow (45), then by Hof- 
meister (15), Versé (43), Wells (46) and 
others, is characterized by an over-satura- 
tion of the blood with calcium salts second- 
ary to some extensive bone destructive 
process like chronic myelogenous leukemia, 


osteomalacia, bone destructive tumors, 
ete., in association with a co-existing 


nephritis, followed by calcium deposits in 
healthy tissue, namely, the lung, gastric 
mucosa, kidneys, arteries, and heart. This 
phenomenon is explained on the basis that 
in those organs acids are excreted into 
cavities which leave the fluids in the sub- 
stances of these parts correspondingly 
alkaline. This increase in the alkalinity 
of the fluids makes the calcium salts 
decidedly less soluble, so that, in instances 
in which for some reasons the total amount 
of free calcium salts in the body fluids is 
greatly increased and its prompt excretion 
interfered with, calcium may be deposited 
in these organs. What other factors may 
enter into the causation of this type of 
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calcification is not quite understood yet. 
Hueper (16) has succeeded in producing 
metastatic calcification in the above-men- 
tioned organs in dogs after injection of 
parathyroid extract. 

The metastatic calcification is also of 
roentgenologic interest. One should re- 
member that it never occurs in muscular 
or cutaneous tissue, so that calcium de- 
posits in these regions should never be 
explained by the roentgenologist on a 
metastatic basis. Furthermore, the cal- 
cium deposits in the lung, stomach, kid- 
neys, and heart may assume, as evidenced 
by the published autopsy reports, such 
large proportions that they can be noted 
macroscopically and even easily palpated 
in the specimen. It is, therefore, fair 
to assume that, though they have not 
yet been demonstrated radiographically 
intra vitam, these calcium deposits can be 
visualized by the x-rays, so that it would 
be advisable to make a special roentgeno- 
logic search for them in suitable cases. 

All other types of calcification belong 
to the large dystrophic group in which a 
previous retrogressive change of the tissue 
in question is a conditio sine qua non. 
These degenerative changes may consist 
of retrogression taking place in the normal 
involution process of certain parts of the 
body. <A typical example of it was shown 
by us (2) to be the pineal body. Other 
dystrophic calcifications are so commonly 
observed in roentgenologic work that 
one rarely stops to think of their causes, 
and it is only in instances of an unusual 
location or extent of the process that our 
interest in this subject is aroused. In 
going, then, into this question one is 
astounded by the immense amount of 
work done in this respect and the large 
number of theories established. Since it 
would lead too far even to touch lightly 
upon this question, I will confine myself 
to the report of a personal observation 
made in connection with my roentgeno- 
logic postmortem studies during the years 
1915 to 1920 in the Montefiore Home, where 
the chronic material was ideal for such 
purposes. 
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During microscopic studies of calcified 
areas of a great variety of organs I was 
impressed by the uniformly observed 
presence of degenerated fibrous tissue in 
the region of the calcium deposits. Follow- 
ing the microscopic observations in our case 
of interstitial calcinosis, in which the loca- 
tion of calcium was definitely established 
to be in degenerated fibrous tissue only, 
the old slides of various types of calcifica- 
tion were studied again and observations 
in new material were added. As a result 
of these studies (to be described in a 
separate paper), I came to the conclusion 
that in the dystrophic type of calcification 
the calcium is deposited only in patho- 
logically changed fibrous tissue, and that 
other tissue elements, no matter in what 
stage of degeneration they may be, never 
become the seat of the calcium deposits. 
This conclusion appears to be supported by 
the investigation of Mays (25). It would 
also explain the deposition of calcium 
salts in conditions which are characterized 
by an extensive pathologic fibrosis, as, 
for instance, in hemangioma, osteoplastic 
carcinoma, etc. In other words, it seems 
that pathologic fibrous tissue 1s the sole 
carrier of the calcium salts in any kind of 
pathologic calcification, except for the meta- 
static form. 

That outside of the fibrous degeneration 
there must be still other factors playing a 
role in calcification is obvious. Investiga- 
tions in regard to calcium metabolism 
have failed to yield uniform conclusions, 
probably owing to the difficulty of check- 
ing up properly the intake and excretion 
of the calcium salts. Thus, Copp (6) 
found retention of calcium in hyper- 
trophic arthritis and loss of calcium in 
atrophic osteo-arthritis, while Friedlander’s 
(13) observations of the calcium me- 
tabolism in his case of advanced inter- 
stitial calcinosis revealed normal figures. 
Nor is it definitely established what 
influence disturbances of the parathyroids 
have upon the calcium metabolism. Of 
interest in this respect are the investiga- 
tions of Bulger and Barr (4), who proved 
that changes in the function of the para- 


thyroids may, but not always do, influence 
the level of the serum calcium. 

The decisive factors for the occurrence 
or non-occurrence of calcium salts in 
anatomically equally well suitable tissues 
probably are of still unknown intra-cellular 
nature. A new ray of hope for the final 
solution of the general problem of the 
deposition of calcium salts in the body 
was furnished recently by the investiga- 
tions of Roseberry, Hastings, and Morse 
(36), who tried to determine whether or 
not the calcium salts of bone exist in 
crystalline form and what this crystalline 
form is. They have shown by means of 
x-ray spectrograms of bone that the 
latter has a crystalline structure and that 
this structure conforms most closely to 
that of dahllite, a carbonate-phosphate. 
These findings were confirmed by the work 
of Bogert and Hastings (3), who came to 
the conclusion that the chief inorganic 
constituent of bones seems to be neither 
tertiary calcium phosphate nor calcium 
carbonate, but a crystalline salt containing 
carbonate, phosphate, and calcium in 
definite space relation with one another. 


CONCLUSIONS 


1. Interstitial calcinosis is clinically 
characterized by small, hard, subcutaneous 
nodules which show a tendency to open 
spontaneously and to discharge greasy 
pus, leaving slowly healing ulcers. It 
may occur in a localized form, involving 
practically any part of the body, or a 
diffuse form, which may gradually extend 
over the entire body. The appearance of 
the nodules may be preceded or followed 
by scleroderma-like cutaneous changes 
which may become an outstanding clinical 
feature. 

2. Roentgenologically it presents char- 
acteristic evidence of calcification. The 
latter is most common in the extremities. 

3. Pathologically the condition is char- 
acterized by hypertrophy and degeneration 
of the interstitial connective tissue, with 
secondary deposition of calcium salts in 
the fibrous tissue elements. 
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4. Notwithstanding its characteristic 
clinical, roentgenologic, and pathologic 
findings, the condition probably is not 
to be classified as a separate clinical and 
pathologic entity, but as an advanced 
stage of a chronic inflammatory condition 
which may be the basic lesion common to 
all the members of the scleroderma group. 

5. Autopsy evidence shows that in 
interstitial calcinosis the calcium salts are 
deposited only in degenerated fibrous 
tissue, and that muscle fibers, no matter 
how degenerated they may be, do not con- 
tain any calcium. This tends to support 
the theory that in the dystrophic type of 
calcification pathologic connective tissue 
is the sole carrier of the deposited calcium 
salts. 
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THE ROENTGEN-RAY TREATMENT OF INOPERABLE CARCINOMA OF THE 
BREAST BY THE METHOD OF MULTIPLE CONVERGING BEAMS! 


By EUGENE T. LEDDY, M.D., Rochester, Minnesota 
Section on Therapeutic Radiology, the Mayo Clinic 


N this paper, the term “inoperable carci- 
noma,” applying throughout to carcinoma 
of the breast, will include ulcerated carci- 
noma, carcinoma fixed to the thoracic wall, 
carcinoma with widespread cutaneous meta- 
statis, carcinoma which could be extirpated 
surgically but accompanied by involvement 
of supraclavicular nodes, carcinoma with 
extensive involvement of axillary and sup- 
raclavicular nodes, carcinoma with osseous 
or visceral metastasis irrespective of nodal 
involvement, and carcinoma in the presence 
of such poor physical condition, due to com- 
plicating organic disease, that the risk of 
operation would be too great. The study 
concerns 41 patients treated in the Sec- 
tion on Therapeutic Radiology at the Mayo 
Clinic in the years 1925 to 1929, inclusive. 

Obviously, treatment in advanced stages 
of carcinoma of this type has little to offer 
in the way of cure. For this reason, radi- 
cal surgical and radiologic treatments are 
not justified, even though they may give 
brilliant and unexpected results in a small 
percentage of cases. Treatment, there- 
fore, is palliative only, and ‘consists of 
measures to relieve discomfort from the 
tumor, to check its dissemination, to 
postpone or prevent fungation, to make 
fungation more tolerable if it already has 
taken place, and to maintain the patient 
in as good general physical condition as is 
possible until death ensues from visceral 
metastasis. Such treatment may consist 
of various measures, among which radio- 
logic methods designed to hold the car- 
cinoma in abeyance have a place. At the 
Mayo Clinic, such methods have produced 
results superior to those of all other meth- 
ods investigated. 

Carcinoma of the breast may occur at 
any age and in persons of either sex. Of 

















1 Read before the meeting of the Chicago Roentgen Society, 
March 9, 1932. 


this group, three of the patients were be- 
tween 20 and 30 years of age, five between 
31 and 40, four between 41 and 50, eighteen 
between 51 and 60, seven between 61 and 
70, and four were more than 70 years of 
age. In 19 cases the tumor was of the 
right breast; in 20, of the left breast and in 
two, bilateral. The group is too small to 
permit definite data to be obtained on the 
relationship of age to the virulence of the 
tumor, or to duration of the tumor. Three 
patients each had noticed a tumor in the 
breast from two to three months before 
they came to the Clinic; ten, from three 
to six months before; six, from six months 
to a year before; six, for thirteen months 
to one and one-half years before; five, 
for nineteen months to two years before; 
three, for two to three years before; five, 
for three to five years before, and three, 
for five to eight years before. With such 
wide variations in duration of carcinomas 
which had not received treatment, it is 
apparent that degrees of clinical malig- 
nancy varied widely, and that estimation 
of curative results or of degree of pallia- 
tion, therefore, is difficult. However, since 
benefit from treatment and not cure was 
expected, the results of radiotherapy can, 
nevertheless, be determined on a purely 
objective basis. 

Twelve of these +1 patients had axillary 
and supraclavicular metastasis, nine had 
ulcerated tumors with axillary involve- 
ment, five had ulcerated tumors and axil- 
lary and supraclavicular involvement, two 
had supraclavicular nodes in addition to 
the ulceration, two had such extensive 
involvement of the skin that radical 
operation was contra-indicated, the tumor 
of three was sufficiently fixed to the thor- 
acic wall to preclude complete extirpation 
by operation, and of eight the complicating 
factors made the risk of operation excessive. 
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Among these patients there was one case 
of ‘‘cancer en cuirasse,’’ three cases of the 
inflammatory type of tumor, and one case 
of ‘‘rose cancer” (an inflammatory type of 
lesion). 

The often-repeated statement that the 
condition of the breast has no relationship 
to the situation or extent of metastasis 
beyond the regional nodes was confirmed in 
investigation of this group. In 39 of 
the cases there was no evidence of meta- 
stasis to the structures in the thorax, and 
in two cases evidence of: involvement of 
the lung or pleura was obtained by 
roentgenography. In five cases there was 
metastasis to the spinal column or pelvis, 
in one case to the skull, and in three cases 
to the ribs. In none had the tumor meta- 
stasized to the liver or abdominal nodes or 
to the bones of the arm or shoulder. The 
incidence of metastasis, therefore, corre- 
sponded in essentials to that reported in 
similar groups of breast carcinoma. 

Because there was no need of it, in the 
great majority of cases the clinical diag- 
nosis was not confirmed by biopsy, but of 
the three cases in which specimens were 
taken for biopsy adenocarcinoma graded 
4 was found in two, and adenocarcinoma 
graded 3 in one. 

With the facilities available in the Clinic, 
radiotherapy of carcinoma of the breast 
is best carried out with roentgen rays 
generated at moderate or high voltage, 
supplemented, if indicated, by surface 
applications of radium in the form of a 
pack, and by interstitial radiation by tubes 
or needles. However, because of the 
demand on the supply of radium, made by 
an increasing volume of favorable cases of 
other types, recent practice has tended to 
limit radiologic treatment of carcinoma of 
the breast at the Mayo Clinic to the use 
of roentgen rays. By a slow process of 
development the technics to be described 
have been evolved, and even though they 
are improvements on previous methods 
which have been used in the Clinic they 
are not standardized, but are modified and 
individualized to suit the peculiarities of 
the various cases. 


In treating lesions of the type in ques- 
tion, attention must be devoted to the 
local tumor as well as to metastatic 
growths in the axillary and supraclavicu- 
lar nodes. The latter may be treated by 
external cross-fire of heavily filtered short 
wave length roentgen rays, by technics 
employing moderate voltage, by radium 
packs, or by interstitial radiation, and 
will not be considered in greater detail at 
present. 

It has been only with the recent develop- 
ment of dosimeters that comparison of the 
effectiveness of roentgen therapeutic tech- 
nics has been possible. Prior to the de- 
velopment of standardized dosimeters with- 
out a “hardness error”’ the clinical efficiency 
of radiation of different qualities was a 
matter largely left to clinical empiricism; 
but now that ionization systems designed 
to measure clinicaldoses of roentgen rays are 
easily available in this country and abroad, 
it is possible for the first time, not only 
for the individual therapeutist to stand- 
ardize his own technics, but also to com- 
pare his set-ups and results with those of 
others. By the use of these standardized 
dosimeters, it is to be hoped that the long- 
standing controversy over the parts played 
by quality and quantity in producing bio- 
logic effects will be settled. Even though 
there is some clinical and experimental 
work tending to demonstrate the superi- 
ority of gamma rays over roentgen rays, it 
rather seems to me, in view of the fact 
that either special tumors or special 
biologic test objects were used in these re- 
searches, that the conclusions drawn from 
them must be accepted with much reserva- 
tion, and that further confirmation will be 
required before they can be adopted for 
treatment of carcinoma of the breast. 

As has been indicated, radiotherapy of 
inoperable carcinoma of the breast has 
been carried out almost entirely with 
roentgen rays, at first with roentgen rays 
generated at 200 kilovolts, and heavily 
filtered according to the well-known tech- 
nics of “deep therapy.”’ Because of the 
clinical inefficiency and inexpediency of 
this technic, treatment has been limited 
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in recent years largely to the use of 
“moderate voltage technic.” One _ pur- 
pose of this paper is to validate the ex- 
clusion of high voltage in the treatment of 
inoperable carcinoma of the breast. 

Here are three set-ups; the one to the 
left employs high voltage and the other 
two, moderate voltage. 


200 K.V. (max.) 135 K.V. (max.) 135 K.V. (max.) 


5 ma. 5 ma. 5 ma. 

50 cm. T.S.D. 40 cm. T.S.D. 40 cm. T.S.D. 
0.75 mm. Cu 4mm. Al 6 mm. Al 
plus 1 mm. Al filter filter 
filter 

Fields 8 x 8 to Fields as before Fields as before 
15 x 15 cm. 


In each of these set-ups, in which the 
roentgen rays are generated by a mechani- 
cal rectifier activating an air-cooled Coo- 
lidge tube, and in which voltage is deter- 
mined by the accepted method of 125 mm. 
spheres, we have ascertained our threshold 
erythema dose to be 560 r measured in air, 
irrespective of which technic is used. 
These determinations of the dose have 
been made by a Victoreen and a Mecapion 
dosimeter, and even though they agree 
well with the accepted value of erythema 
dosage, they are subject to the variations 
incident to the use of any biologic unit. 
However, up to the present we have no 
more absolute measure of clinical doses 
than the threshold erythema, and until 
some further refinement of clinical dosime- 
try makes it expedient, we can adopt for 
our unit 560 r measured in air; this pro- 
duces a safe, although not uniformly 
intense, radiodermatitis of first degree. 
Barring evidence to the contrary, the 
assumption has been made that all patients 
who have received 560 r, measured by a 
dosimeter, have received uniform doses of 
roentgen rays. In our department all 
machines used for treatment have been 
checked repeatedly by standard dosime- 
ters, and, when necessary, corrections 
have been made in the time of exposure. 
We have not used a constant check on 
each dose administered because of the 
inconvenience of doing so, but we have 
telied on standardizations made of the 
output of each new tube, which we have 
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assumed to remain constant barring some 
obvious mechanical or electric breakdown. 
Clinical observation of the cutaneous and 
other biologic reactions in daily treatment 
of patients have seemed to justify reliance 
on clinical dosage rather than on physical 
dosage. 

It is self-evident that the actual ‘‘dose”’ 
in the skin will vary with the varying 
component of secondary rays from fields 
of various sizes, but in determining clini- 
cal doses this factor has been neglected, 
since the accepted technic of placing the 
ionization chamber in air is relied on to 
eliminate the scattered radiation. The 
suggestion made by Weatherwax and the 
writer, of placing the center of the axis of 
the chamber at a distance corresponding 
to the target-skin distance in question, 
has been followed. Measurements by 
means of the paraffin block are in progress, 
but are not at present sufficiently well 
checked to allow a statement of the 
magnitude of changes in surface doses 
produced by triangular fields of various 
sizes and shapes. Up to now it usually 
has been stated that 40 per cent should be 
added to the ‘“‘air values’ to arrive at a 
value of skin doses measured on the 
actual patient as expressed in roentgens. 

The Desjardins anatomic charts,” which 
are widely used in roentgen therapeutic 
practice, have been used to obtain the 
following figures applicable to the problem 
of the roentgen treatment of inoperable 
carcinoma of the breast: 


From the skin through the pectoralis 
major muscle, 4 cm. 

From the skin to the pleura, 4.3 cm. 

From the pleura to the center of the lung. 
8.4 cm. 

From the skin to the center of the lung, 
12.5 cm. 

From the skin over the sternum to the 
heart, 3 cm. 

Diameter of lung, anteroposterior, 
cm. 

Thickness of breast, 4 cm. 


16.5 


2Section No, 
clavicular line). 


3 (female) fourth intercostal space (mid- 
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TABLE I.—DEPTH DOSE WITH DIFFERENT TECHNICS 















































l Technic 
A | os & | D | E 
| 2 Set-up 
Kilovolts | 135 ! 135 | 200 | 200 | 200 
Milliamperes 5 a 5 | 5 | 5 5 
T.S.D., cm. 4 #3| #£«4 50 50 | 50 
Filter, mm. ; me ae Al 0.75 Cu + 1 Al | 0.75 Cu + 1 Al | 0.75Cu +1 Al 
Field, cm. 10 by 10 lsby15 | 10 by 10 15 by 15 | 20 by 20 
Depth, Le ere ie - 5 Dose, per cent eae ; 
ane ae. a ae Se 95 | 97 | 97 
2 s4 88 90 92 93 
3 ee 80 84 | 86 90 
4 } 60 69 75 | 80 | 83 
5 | 48 59 66 | 68 76 
6 | 43 50 58 62 69 
* 38 42 50 55 60 
8 32 36 45 | 50 53 
9 26 30 38 45 47 
10 23 25 33 39 | 42 
15 | 10 | 
16 | 10 
18 10 
21 10 
23 


10 





Anteroposterior diameter of the right side 
of the thorax, 21 cm. 

From a study of breasts removed by 
radical operation, and some by “‘palliative 
operation,’ it was found that the average 
thickness of the specimen (including breast 
and pectoral muscles) was 4.5 to 5.5 
centimeters. Naturally, the measure- 
ments varied with the thickness of the 
muscles excised with the breast, and with 
the amount of tumor in the breast, but 
surprisingly, the great majority of breasts 
which had been operated on were of the 
size given, within close limits. Rarely 
was a breast as thin as 3 or as thick as 8 
centimeters. For all practical purposes 
of clinical dosage, it may be safely assumed 
that the average thickness of the inoperable 
breast also is 5 centimeters. Tumors of 
the breast 10 to 15 cm. in diameter, such 
as have been reported by others, have not 
been encountered. The measurements of 
the tumors in this series varied only slightly 
from the measurements of operative 
tumors. 

With a hemispheric, superificial, solid 
body to treat, in which is embedded a car- 
cinoma the radiosensitivity and pathologic 
and geometric relationships of which are 
peculiar, it hardly seemed logical to apply 


the usual technics of treatment worked 
out for either carcinoma of the uterine 
cervix or of metastatic nodes secondary 
to intra-oral carcinoma. However, in 
planning the technic it is obvious that 
roentgen rays generated at moderate or 
high voltage may be applied (Table I). 

These values were obtained by making 
measurements of intensities of roentgen 
rays, with a thimble type ionization cham- 
ber placed in a block of wax of high melting 
point which in my experience has been 
easier to use than either the well-known 
water box or aluminum ladders, or even 
the common white wax of low melting 
point. With the apparatus these values 
have been uniform and have shown close 
agreement with the dose curves published 
by others. However, it is fair to assume 
a variable in their values, of +3 per cent, 
this value being well within the clinical 
error of estimation of dosage. I have not 
had an opportunity to compare these 
figures with those obtained from a valve 
rectifier operating an autoprotecting type 
of tube. 

By utilizing the well-known principles 
of cross-fire, the dose effective in a tumor 
may be increased. ‘That the usual prac- 
tice of a two-field cross-fire leaves much 
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TABLE II.—DEPTH DOSE WITH MULTIPLE FIELDS? 

















. Fields aad 
| | | | | 
Depth | |___1 _|__ opposite | _—3, 120°—|_— 4, 90° |_—s«, 60° 
(cem.) | ___Technic __ |Tumor| Lung |Tumor) Lung | Tumor| Lung | Tumor) Lung | Tumor | Lung 
i en ne al aa 
Poe “gaa, | 88 | 35 | 83 100 249 105 332 140 498 210 
4 4 mm. Al | 60 | 60 180 240 360 
6 | 40 | 45 135 180 270 
8 |E=18min. | 34 | | 34 102 136 204 
10 | 25 | 25 vis 100 150 
2 135 K.V. | 90 | 40 90 40-100 270 120 360 160 540 240 
4 | 6mm. Al 73 43 219 292 438 
6 | 60 55 | 165 220 330 
8 E.= 38 38 108 144 | 228 
10 28 min. 30 | 30 90 120 180 
2 | 200K.V. | 95 | 50 95 285 150 380 200 570 300 
4 3/, Cu + 80 | 80 240 320 480 
6 1 Al 64 | 64 | 102% || 256 384 
8 EK = 50 50 | 150 | 200 300 
10 |} 50-100 | 111 148 | | 222 


70 min. 37 | 37 





to be desired has recently been emphasized 
by Desjardins, who pointed out that the 
use of multiple beams converging on a 
tumor from one surface may in many 
cases produce clinical response in cases 
in which the usual methods of cross-fire 
through two opposite fields have failed. 
But in treating carcinoma of the breast, 
the fact must not be lost sight of that 
radiation absorbed in the lung not only 
has nothing to do with the reaction of 
the tumor in the breast, but may actually 
be dangerous. Parenthetically, it might 
be mentioned that decrease of surface 
radiation intensity in the treatment of 
carcinoma of the breast, and abandon- 
ment of high voltage, have been accom- 
panied by total disappearance of pleuro- 
pulmonitis. Even though it has been 
shown that the lung tolerates doses of 


* The following matters in this table require explanation: 
(1) E = erythema dose; (2) values were obtained by a different 
set-up for measurement than that used in Table I, yet agreement 
is close enough for clinical purposes; (3) T.S.D., used here, 
indicates distance from target to wall of thorax, not target to 
surface of the breast; (4) doses for the lung are measured 4 cm 
below the pleura, and 8.5 cm. below the skin; (5) two fields at 
90° equals the value of one field X 2; (6) in an anteroposterior 
cross-fire there is no appreciable increase in the dose that reaches 
the tumor from the posterior field, for the dose at 21 cm. in all 
types of radiation considered is 10 per cent (or less); (7) with 
technics employing 200 kilovolts it takes about 280 minutes for 
an erythema dose on four fields: (8) with 135 kilovolts, and 6 
mm. aluminum filter, it takes about 112 minutes for an erythema 
dose on four fields; (9) the curves of dose show that 200 kilo- 
volts Produce an increase of about 40 per cent in depth effect 
with about twice as much time. According to a check-up by 
Failla, the values for multiple fields are slightly lower than those 
“an Solas because the angle of incidence is oblique and not 
vertical. 





roentgen rays which are safe for the skin, 
it is nevertheless a fact that cross-fire of 
a superficial tumor, such as a carcinoma of 
the breast, by overlapping of the beams 
in the depths of the lung may produce a 
dose beyond the limit of tolerance of the 
lung, even though the doses on the sur- 
faces were well within safe limits (Table 
II). 

In using these figures (Tables I and IT) 
for applying a dose of roentgen rays to an 
inoperable carcinoma of the breast, two 
facts should be kept constantly in mind: 
the distance from the skin to the bottom of 
the inoperable tumor is usually less than 
5.6 em., and high voltage delivers a 
higher dose to the lung than is delivered 
by moderate voltage. 

A glance at Table I will show that with 
Technic A, at a depth of 5 cm., the dose is 
+8 per cent, which means that 52 per cent 
of the incident radiation has been absorbed 
or scattered in the breast, or 52 per cent 
of 560 r, which equals 291 r. In Technic 
E, a high voltage technic, at a depth of 5 
cm. the dose is 76 per cent, which means 
that 24 per cent has been absorbed or 
scattered; that is, 24 per cent of the inci- 
dent 560 r, or 134 r. It seems self-evident, 
therefore, that in treating carcinoma of the 
breast moderate voltage is preferable, but 
if, on the other hand, the problem is to 
administer a dose to the lung, the cor- 
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rect technic calls for the use of high volt- 
age. 
The number of fields through which the 
radiation is to be applied depends, pri- 
marily, on the size of the tumor. It is, 


=> 





It is extremely rare that such distribution 
of doses produces reactions severe enough 
to necessitate interruption of treatment. 
Since each field of treatment is outlined 
on the skin in indelible ink, and has its 
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Fig. 1. The distribution of the fields of treatment. It may be noted that each area receives a 


suberythema dose of roentgen rays; the greater the number of portals the greater is the reduction 


of the dose to each. 


therefore, impossible to do more than 
schematize the technicsof treatment (Fig. 1). 
It might be mentioned that tiny in- 
operable tumors in the breast (up to 1 cm. 
sphere) are less effectively treated by this 
method than bulky tumors, because of the 
difficulty of cross-firing the smaller tumor. 
A moderately large tumor (2.5 cm. sphere) 
may well be treated by three converging 
beams; large tumors (3 to 5 cm. sphere), 
by four to six beams. The angles of in- 
cidence, the time of exposure, the use of 
4 or 6 cm. aluminum filter, and so forth, 
must be individualized to fit the given case. 

Because of the hopelessness of the con- 
dition to be treated, any crowding of the 
sessions of treatment is to be carefully 
avoided. Usually two fields are treated 
each day, so that the irradiation of the 
involved breast and of its regions of lym- 
phatic drainage requires four to six days. 


margins protected by several thicknesses 
of lead rubber and is treated with a sub- 
erythema dose, any marginal overlapping 
of fields of irradiation to the point of in- 
jury to the skin has not been observed. 

Following the first course of treatment 
some improvement invariably results, so 
that unless there is some contra-indication, 
repetition of treatment is advised at inter- 
vals of three or four weeks until the tumor 
is clinically quiescent. Usually three courses 
(rarely five) are needed to produce this 
result. 

From a clinical point of view this tech- 
nic of converging beams, using roentgen 
rays generated at 135 kilovolts, has been 
found to be very effective in producing 
regression of the primary lesion. As was 
mentioned earlier in this paper, cure is 
out of the question in this group of cases. 
Since the natural duration of the car- 
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cinomas without treatment was so variable 
in this group, the effect of the treatment 
on duration of the patient’s life was prob- 
lematical. In the whole group, no effect, 
or a poor result, was obtained in two of the 
41 cases, a questionable result in two 
others. In all of these cases not more 
than two courses of treatment were given, 
an amount which usually is regarded as 
insufficient. The condition of 37 patients 
was definitely improved. This improve- 
ment was manifested by clearing of the 
ulcer in ten of sixteen cases, by disap- 
pearance of cutaneous metastasis in four, 
and by cessation of hemorrhage and dis- 
charge in fourteen cases, benefits which 
were greatly appreciated by the patients 
and their relatives. This improvement 
has lasted in some cases for two years or 
longer, but, due to the systemic ravages 
of the disease, no patient is living, clini- 
cally well, beyond the accepted interval of 
five years. Since the improvement was 
achieved by a treatment well tolerated by 
the patient, it seems justifiable to continue 
its use in similar cases. However, since 
radiotherapy under the most favorable 
conditions has not as yet achieved results 
comparable with operation in large groups 
of cases, adoption of multiple converging 
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beams for treating operable cases hardly 
seems indicated at present. That it is 
superior to high voltage technics seems to 
be demonstrated by this report. 


CONCLUSIONS 


1. In the method described, in which 
multiple converging beams are used, a 
higher dose of roentgen rays can be de- 
livered to inoperable carcinoma of the 
breast than by any other method of ex- 
ternal radiation. 

2. Undesirable effects in the lung are 
minimized by this technic. 

3. The treatment is well tolerated by 
the patient. 

4. The results obtained in treating 41 
patients with inoperable carcinoma of the 
breast justify continuation of the use of 
the method. 
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THE INFLUENCE OF THE ANTIQUITY OF THE CELL UPON CELL RESISTANCE 
TO RADIUM AND X-RAYS! 


By ROBERT H. MILLWEE, M.D., F.A.C.R., Dallas, Texas 


certain evidence which indicates that 

those cells which have existed on the 
earth in an unchanged condition for a 
long period of time, have probably ac- 
quired a resistance to short wave radiation 
by reason of continued exposure to the 
radiation in the crust of the earth, and 
from cosmic rays, and that a careful 
consideration of this fact may be of value 
in advancing the efficiency of radiation 
therapy of malignancy. 

The resistance of both animal and plant 
cells to the rays of radium and x-rays has 
been of great interest to radiotherapists, 
as well as other scientists. Of the many 
biologic problems in radiation therapy, 
that of cell resistance is the most interest- 
ing and of greatest practical importance 
to the physician. 

The idea that cells may have developed 
a resistance to short wave radiation in 
Nature is not new, but the application of 
the idea as made in this paper is original. 

There is a vast amount of literature 
bearing upon the question of resistance of 
various organisms to radium and x-rays, 
the great part of which is of but little 
value because of lack of proper measuring 
and recording of dosage, and the fact that 
many of the early observers based their 
opinions on the immediate effect pro- 
duced. Therefore, only a few of the more 
recent well-controlled experiments are re- 
ferred to in this paper. 

We are well acquainted with many fac- 
tors, such as the type and age of the cell, 
rapidity of division, and chemical compo- 
sition, which affect the resistance of cells 
to radiation, while for many years we have 
been interested in the question of whether 
or not a cell may develop a resistance to 
radiation as a result of the application of 
radiation. It seems that, since a plant or 


Yee object of this paper is to present 


1 Read before the American Congress of Radiology, Chicago, 
Sept. 25-30, 1933. 


animal will become acclimated or ac- 
customed to a change in physical surround- 
ings, if the change be brought about 
gradually enough, a like tolerance may be 
produced by short wave radiation, pro- 
vided the radiation be applied in proper 
quantity, and over a sufficient length of 
time. 

Radiologists frequently observe clinical 
evidence of the development of resistance 
to radiation during the application of 
radium and x-ray to malignant tumors; 
as when tumors at first show a marked re- 
duction following a dose of radiation, and 
at a later date fail to reduce, or may even 
show a rapid growth, following the same 
or a larger dose. Of course, this is not 
positive evidence that direct stimulation 
of cell resistance occurs as a result of the 
direct action of radiation, but in the light 
of experimental evidence at hand, it is 
strongly suggestive that such resistance is 
developed. 

There is a vast amount of experimental 
evidence to show that cells develop a 
resistance to radium and x-rays. I was 
able to produce a resistance to x-rays in 
wheat plants by giving 3,000 roentgens 
to dry wheat seeds five days before plant- 
ing. Plants from such seeds showed 30 
per cent greater resistance to the same 
amounts of x-rays than controls, while 
200 roentgens was found to be a stimulating 
dose to sprouting wheat seeds, the plants 
showing a growth 15 per cent more rapid 
a week after raying. Charles A. Shull has 
reported similar stimulation of wheat, 
corn, oats, and sunflowers (1). He has 
more recently shown that resistance to 
x-rays can be created in plants by small 
doses of x-rays (2). 

One of the most convincing arguments 
in favor of the idea that cells remaining 
for a long period of time on earth, in an 
unchanged state, have developed resistance 
to radiation is the fact that, as a class, 
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unicellular organisms are much more re- 
sistant to radium and x-rays than are the 
cells of multicellular organisms. 

We know that many of the deeper rocks 
of the earth’s crust are made up largely 
of unicellular organisms which existed 
many hundreds of millions of years before 
multicellular life appeared on the earth. 
Dr. White, of the U. S. Geologic Survey, 
has found Alga, the first living cell known 
to exist on earth, in the deepest structures 
of the earth. I have found Alga spiro- 
gyro to be highly resistant to x-rays. 
Some specimens have been growing in my 
laboratory window for the past month, 
after having received 75,000 roentgens; 
some are living, but show retardation of 
growth, two months after receiving 150,000 
roentgens. 

Further evidence to support this theory 
is the well-known fact that plant cells, as a 
class, show a much greater resistance to 
radium and x-rays than animal cells do, 
and we have good evidence that plants are 
more ancient than animals. Biologists 
advance the idea that plants must have 
existed before animals to furnish food for 
the animals. 

We assume that a cell which has re- 
mained longest on the earth in an un- 
changed state would retain its maximum 
acquired resistance to radiation, and that, 
if such a cell should undergo a change, 
it might thereby lose a part or all of its 
acquired resistance to short wave or other 
forms of radiation. 

Another interesting question, as sug- 
gested by Haldane (3) in regard to cells 
developing a resistance from radiation 
found in Nature, is whether or not the 
beta rays from potassium in plant cells 
may produce such resistance. P. H. Has- 
kins has reported a vast difference in the 
resistance of plants and seeds to x-rays. 
For instance, he finds that the bulbs of 
Regal lilies are highly sensitive to x-rays 
and are killed by 1,200 roentgens, while 
bulbs of narcissi will withstand 40,000 
roentgens. A chemical analysis reveals 
that these two kinds of bulbs contain the 
same amount of potassium (0.27 per 
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cent), so that this difference in resistance 
cannot be attributed to difference in 
amount of beta rays of potassium contained 
in the bulbs. 

Another plant which is resistant in a 
marked degree to radiation is the family of 
ferns, a plant form which paleontologists 
estimate to be about two hundred million 
years of age. Dr. Lewis Knudson, of 
Cornell, has found that from 2,500 to 
5,000 roentgens is a stimulating dose to 
ferns, and from 7,000 to 30,000 roentgens 
is required to stop their growth. In my 
own work I have found ferns to be about 
the most resistant of plants to x-rays. 
A fern which received 90,000 roentgens 
remained perfectly green for six months 
without exhibiting any signs of growth or 
reproduction. This fern may be like 
the x-radiated worm of which Curtis (4) 
commented that he questioned it having 
the ability to die. We usually find that 
death does not so frequently occur in 
x-radiated alge and scorpions as in the 
controls. 

The work of H. K. Svenson (5) shows 
Saprolegnia, of the family of Fungi, to 
be highly resistant to x-rays. Molds be- 
long to the same age as alge. Protozoa 
are found to be markedly resistant to 
X-rays. 

The cells of man are about the most 
sensitive to radiation, and we have reason 
to believe that man is about the youngest 
animal on the earth. 

It seems that the source of the radiation 
which has produced cell resistance is an 
important question, especially since we 
have some clinical and experimental evi- 
dence to suggest that there is a difference 
in the biologic effect of different wave 
lengths. In this connection at least three 
types of radiation must be considered: 
First, the beta rays, as from potassium, 
present in all cells, and uranium, which has 
a wide distribution. Then come the 
gamma rays of radium—present at this 
period in small quantities throughout the 
crust of the earth and probably present in 
much larger quantities a few million years 
in the past. Third, we have good reason 
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to believe that the very short wave cosmic 
ray has probably bombarded the earth 
from all directions throughout the entire 
existence of the latter, and with probably 
a rather constant intensity. 

We have but slight direct proof of the 
fact that these various sources of radia- 
tion are responsible for the development of 
resistance of cells to radiation, but we have 
a vast amount of circumstantial evidence 
to indicate that such resistance is the re- 
sult of bombardment by the very short 
gamma rays and the cosmic rays. Then 
we must consider the fact that, if there 
is a difference in the biologic effect of rays 
of different wave lengths, a resistance 
created by a very short wave length, as 
the shorter gamma ray and the cosmic ray, 
does not necessarily mean a resistance to 
the longer wave lengths. Therefore, the 
acquired resistance of normal cells may be 
an important factor in explaining the 
apparent selective action of short wave 
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gamma and x-rays on cancer cells—the 
cancer cells, having undergone a change, 
may have lost their acquired resistance to 
such rays. 

This subject is presented with the hope 
that further investigation of it may aid in 
solving the great problem, namely, Why 
are superior clinical results obtained in our 
modern method of the treatment of cancer 
by short wave x-rays and gamma rays of 
radium? Also, it may furnish an answer 
to the problem of the employment of 
x-rays produced by a million or even many 
millions of volts. 
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BLASTOMYCOSIS OF THE SKELETAL SYSTEM 


A BRIEF REVIEW OF THE LITERATURE, WITH A REPORT OF THREE ADDITIONAL CASES 
By EDWIN L. RYPINS, M.D., Jowa City, Iowa 


CCORDING to Castellani (5), ‘“The 
A term blastomycosis covers all con- 

ditions due to yeast-like fungi, 
but from a practical point of view it is of 
advantage, as is usually done in this 
country, to limit its meaning to denote 
solely or principally a clinical entity or, 
more correctly, a group of closely allied 
entities characterized by the presence of 
granulomatous, verrucoid lesions in which 
fungi of the type Blastomycoides are 
found.’’ Furthermore, he continues, ‘‘“The 
term blastomycosis covers a group of 
closely allied pathological conditions due 
to fungi of the genera Saccharomyces, 
Cryptococcus, Coccidioides, Odium, and 
Monsilia, generally characterized by the 
presence of warty patches and minute 
epidermal abscesses.”’ 

Stoddard and Cutler (24), in 1916 
(writing only two years before Castellani) 
predicted, ‘“The name blastomycosis will 
eventually be applied to a group of diseases 
produced by various organisms.’’ They 
agree with McNeal and Taylor who con- 
cluded that “blastomycosis and cocci- 
dioidal granuloma are distinct clinically, 
pathologically, and biologically..” 

In this report Stoddard and Cutler’s 
(24) views have been followed. 

Historical—These same authors are 
cited as follows: ‘‘Weinike, in 1890, de- 
scribed in Buenos Aires two cases of 
papillomatous eruption in which he found 
peculiar bodies which were at first con- 
sidered to be protozoa, hence the disease 
was called ‘protozoic dermatitis.’ Later 
Gilchrist and Ophiils showed them to be 
vegetal parasites. Gilchrist, in 1894, de- 
scribed yeast-like organisms in sections 
taken from a scrofuloderma-like eruption. 
In the same year, independently, Busse 
and Buschke published a case of a pyemia- 
like condition due to a Cryptococcus.” 
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It is interesting to note that Busse’s 
case was one in which the tibia was in- 
volved. The area was removed surgically. 
Lesions of the face, neck, right ulna, and 
sixth left rib followed. The patient died 
five months after operation, autopsy re- 
vealing numerous foci, from all of which the 
blastomycetes could be cultivated. And 
yet Buschke did not differentiate cocci- 
dioidal granuloma and _ blastomycosis. 

Incidence.—Since 1919 only two other 
cases of blastomycosis (both of the skin), 
proven by finding the organism, are on 
record at University Hospital, University 
of Iowa. In 1902, F. H. Montgomery 
(19) summarized the cutaneous features 
and reported 13 cases of generalized 
blastomycosis, yet in only two of these 
cases were the bones involved. 

Bassoe (2), in 1906, had a case of involve- 
ment of the scapula. 

In 1907, Herrick (10) reported one case, 
and in 1908 Ryerson (22) reported two 
cases. 

In 1908, Ormsby and Montgomery (18) 
reported 22 additional cases of systemic 
blastomycosis, but only seven of these had 
involvement of the skeletal system. 

Washburn (28), in 1911, and Stober 
(23), in 1914, each had one case. 

Wade and Bel (26), in 1916, had col- 
lected a total of 27 cases of systemic blasto- 
mycosis and in only 16 of these were the 
bones involved. They included the re- 
port of Ormsby and Montgomery. 

Howe (11) in 1921, Garr (8) in 1925, 
Medlar (15) in 1927, Toepel (25) in 1929, 
Jones (12) in 1930, and H. Montgomery 
(20) in 1930 each report one additional 
case. 

Thus, including the three cases which 
are being reported at this time, only 32 
cases of blastomycosis of the skeletal 
system are on record. 

Morphology.—To quote Castellani (4) 
further: ‘‘Morphologically, in the lesions, 
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two principal types of yeast-like fungi may 
be distinguished: (a) the blastomycetoid 
(blastomycetic) type; (b) the crysto- 
coccoid (sacchomycetic) type. The char- 
acteristics of the blastomycetoid type are 
the following: Cells large, double con- 
tour, with very well marked granules or 
spherules in the protoplasm, very evident 
and of comparatively large dimensions. 
The characteristics of the crystococcoid 
type are the following: Cells generally 
smaller, double contour absent, or much 
less marked, protoplasmatic granules not 
so evident and usually much fewer.”’ 

Wade and Bel (26) state: ‘‘The typical 
so-called blastomyces in the tissue lesion 
do not produce mycelia and do not 
form ascospores, but appear and persist 
in the form of more or less sclerotic yeast 
cell-like bodies which multiply by budding.”’ 

Ottis and Evans (21), Washburn (28), 
Jones (12), and Medlar (15) also stress 
the fact that the organisms are spherical 
or oval, double-contoured, with very re- 
fractive cell capsule, and increase by 
budding. 

Pathology —The pathology in blasto- 
mycosis differs little from that of tubercu- 
losis (9, 12, 17). Occasionally it does 
differ from tuberculosis in that there may 
be less central necrosis when seen micro- 
scopically. 

Mode of Extension.—Montgomery and 
Ormsby (18) conclude that, ‘“The mode of 
extension is the same as in other pyemias, 
through the blood instead of by way of the 
lymphatics, as is evident from the wide and 
often rapid dissemination of deep-seated 
lesions, with little or no involvement of the 
lymph glands, and from the fact that 
blastomycetes have been demonstrated 
in the blood.” This point is well taken, as 
Malroy and Ricketts (13) have demon- 
strated a complement deviation test in 
blastomycosis, using old cultures of blasto- 
mycetes as antigen. Also, Helstoen (7) 
found that “‘the undiluted serum of a dog 
which had received successive inocula- 
tions from a case of cutaneous oidiomy- 
cosis, caused gradual clumping of the yeast 
in bouillon cultures.”’ 


Stober (23) and Ryerson (12) both agree 
that, as far as the long bones are con- 
cerned, “‘the infection has a tendency to 
lodge in the epiphyses and in some in- 
stances the shape of the infected area 
strongly resembles | one of] those produced 
by infarct. Extension by rupture of the 
epiphyseal abscesses is responsible for the 
majority of the joint lesions.” 

Howe and Morse (11), also Stober (23), 
conclude that the portal of entry is prob- 
ably by way of the respiratory tract, al- 
though in the case reported by Toepel, 
the portal of entry was a thorn prick on 
the left index finger. Also, in one of 
our cases no evidence of any pulmonary 
involvement has been found to date. 

Whereas D’Amoy and Beven (6) feel 
that ‘“‘the occurrence of visceral blasto- 
mycotic involvement is secondary to cu- 
taneous lesions caused by the parasites, 
but this does not necessarily follow.” 

Clinical Classification.—Castellani (5) 
makes a clinical classification as follows: 
(1) Common cutaneous type, (2) the oro- 
pharyngeal, (3) the coccidioides, (4) gluteal 
blastomycosis. This classification is one 
of interest as it indicates the close 
relationship of blastomycosis and cocci- 
diosis. 

Diagnosis.—Diagnosis rests on finding 
the characteristic organism. The simi- 
larity to tuberculosis of the pathologic 
findings is well known. In regard to the 
lung W. S. Miller (17) says: ‘This study 
of the reticulum shows that its growth and 
transformation into collagenous tissue dif- 
fer in no way in the tubercle of blasto- 
mycosis from that of the tubercle of 
tuberculosis.” Also, “If the presence of 
the special organism be eliminated from 
the picture, the lesion is the same in both 
infections.” Montgomery and Ormsby 
(18) also write: ‘‘Giant cells and other 
cells peculiar to the granuloma have been 
observed in several instances,’ while 
Ricketts (24) adds, ‘“The nodules and giant 
cells of cutaneous oidiomycosis are in- 
distinguishable from those of tuberculosis.” 
Similar views are held by Medlar (15) 
and Stoddard and Cutler (24), who wrote: 
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“The striking similarity of the lesions, both 
gross and microscopic, in the two classes 
of infections is undoubtedly outstanding. 
... Still, such a similarity in lesions pro- 
duced need not be surprising, when we 
consider that new methods of investiga- 
tion seem to indicate biologic relationship 
between the fungi and those micro- 
organismal forms classed as acid fast.”’ 

As regards the diagnosis of blastomycosis 
from that of coccidiosis, Stoddard and 
Cutler (24) show that: (1) true budding is 
not found in coccidioidal granuloma but 
is constant in blastomycosis; (2) cocci- 
dioidal granuloma sporulates in tissue 
while blastomycosis does not. 

As to x-ray diagnosis, Potter, quoted by 
Stober (23), believes that, ““A marked 
localizing destruction occurring within the 
spongy bone of a diaphysis, together with 
a mature and homogeneous periosteal 
proliferation with or without cloaca, is so 
constantly present in the ordinary lesions 
of blastomycosis that when seen in further 
skiagraphs, where the etiology has not 
been determined, a careful search for 
blastomycetes should be made.” 

Carter (3) believes that coccidioidal 
granuloma should be considered separately 
from blastomycosis, yet roentgenologically, 
he admits, they cannot be separated. 
Thus from a roentgenologic standpoint, 
tuberculosis, coccidioidal granuloma, and 
blastomycosis must be considered together 
and the final diagnosis made from finding 
the causative organism. 

Prognosis —F. H. Montgomery (19) in 
1902, Herrick (10) in 1907, Marshall (14) 
in 1929, and Altschul (1) in 1930 each re- 
port a case of generalized blastomycosis 
with recovery. No other cures have been 
found. It is possible that Herrick’s case 
did not have bone involvement as x-rays 
were not common at that time and the 
surgeon merely drained the gluteal ab- 
scesses without exploring the pelvic bones. 
This same criticism would apply to Mont- 
gomery’s case, though the lesions were 
scattered and involved the left hand, left 
leg, left heel, right palm, left breast, and 
tenth and eleventh interspaces. 





Fig. 1. Lateral skull, Case 1, from which a diag- 
nosis of syphilis was made. 


Thus the prognosis of blastomycosis of 
bones is bad, because it is usually but a 
manifestation of a systemic condition, 
although two of our cases are in good 
condition—ten months and five months, 
respectively, since diagnosis. tos 

Treatment.—lodides by mouth and intra- 
venously are still the main means of ther- 
apy. Unfortunately, patients are some- 
times moribund before a diagnosis is 
reached, as occurred in our first case. The 
other two cases have tolerated huge doses 
of iodides and have improved. Autogen- 
ous vaccine was first suggested by Christen- 
sen (7), and Hektoen and Stober (7) re- 
port that autogenous vaccine was of value 
in two cases; also since Helstoen (7) has 
demonstrated immune bodies in the blood 
stream, vaccines should be attempted. 
They have not been used in our cases. X- 
ray therapy in the skin lesions is of value 
and we feel that radiation therapy should 
be attempted in the bone lesions. Un- 
fortunately we have not been allowed the 
opportunity as the two living cases have 
done so well on iodides, and the patient 
in whom the disease was fatal died a few 
days after our attempts to relieve his pain 
by x-ray. We gave him 200 r, with 0.25 
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Fig. 2. Roentgenogram, Case 1, from which the 
possibility of a fungus was suggested as the cause 
of pathology. 





Fig. 3. 


Lateral spine, Case 1, showing marked 
destruction of the body of the eleventh thoracic 
vertebra, most of the destruction having occurred 
within a period of three weeks, as seen by earlier 
films. 


mm. Cu and 1 mm. Al, at 140 K.V., 5 
ma., with a field of 400 sq. cm. at a dis- 





Fig. 4. Right ulna, Case 1, showing involvement 
of the head. This film was taken two weeks later 
than the one shown in Figure 3, and indicates 
the rapidity with which the disease spread. 


tance of 50 cm. over the lower thoracic 
spine, a method which we have found to 
be of value in the relief of pain from malig- 
nancies of bone. No apparent relief was 
obtained. 

Case Reports—Case 1,1 A. H., white, 
male, aged 41 years, was admitted to the 
medical service of University Hospital 
Aug. 22, 1930. The onset of symptoms 
dated from April, 1930, and consisted of 
pain in the back and upper abdomen. A 
laparotomy elsewhere gave no relief al- 
though a pathologic appendix and ad- 
hesions were found. About May, 1930, 
a small hard lump appeared in the left 
frontal region, a lump which did not cause 
pain and grew slowly in size. Examina- 
tion on entrance revealed a soft tumor mass 
in the left frontal region about 4 cm. in 
diameter. Just above the corner of the 
mouth was a small erythematous, darkly 
crusted lesion. A similar skin lesion was 


1 Previously reported by Dr. C. Cooper, Jour. Iowa Med. Soc., 
March, 1931, XXI, 119. 
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noted on the left forearm. While in the 
hospital a swelling of the lateral aspect of 
the right foot was drained and sterile pus 
obtained. On Sept. 11, 1930, a definite 
gibbus in the lower thoracic region was 
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shoulder, and one @ff\Sfhe right cheek. 
He has had pain in thé: middle of the back 
since July, 1930, and came to the hospital 
because of general weakness. Examina- 
tion revealed the percussion note to be 





Fig. 5. Roentgenogram, Case 2, show- 
ing abscess of right lateral chest wall and 
fibrosis at the right base. 


noted. Pus from the frontal abscess was 
negative for tubercle bacilli after guinea 
pig inoculation. The sputum was nega- 
tive for fungi and tubercle bacilli; re- 
peated Wassermann tests were negative 
(both blood and spinal fluid, although the 
spinal fluid contained 135 cells). Three 
days before death blastomycetes were 
isolated from the skin lesions of the face. 
Autopsy revealed blastomycosis of lungs, 
prostate, frontal bones, olecranon process 
of the right ulna, ninth and tenth dorsal 
vertebre, and skin lesions of the face. 
Case 2, J. C., white male, aged 42 years, 
was admitted to the hospital on Nov. 17, 
1930, as a private patient of Dr. F. M. 
Smith, referred by Dr. Wolverton, of 
Cedar Rapids, Iowa. Family and past 
history revealed no essential facts. 
Patient has had a persistent cough for last 
few years, with yellow sputum. In Febru- 
ary, 1930, he first noticed a skin lesion on 
the right knee, then one on the left 


Fig. 6. Oblique view of upper 


9 


right chest wall, Case 2, showing 
the origin of the abscess seen in 


~ 


Figure 5. 


definitely impaired in the right apex and 
in the inter-scapular area on the left side 
posteriorly. On the anterior chest to the 
right of the sternum was an area of swell- 
ing about the size of the palm of the hand. 
On the right cheek, right hand, and left 
shoulder were skin lesions characterized 
by a central area of healing. Blasto- 
mycetes were isolated from the skin lesions 
but not found in the sputum. Patient 
has greatly improved on large doses of 
iodides both by mouth and intravenously, 
and in July, 1931, was in good condition. 

Case 3, L. J. L., white male, aged 47 
years, was admitted to the hospital July 
15, 1931, to the surgical service. Family 
and personal histories were irrelevant. In 
March, 1931, the patient injured his right 
wrist in cranking a car, and broke the skin 
of the palm, whereupon the wrist soon be- 
came sore and tender. About six weeks 
later the wrist began to drain and drainage 
continued until July 1, 1931. In May, 











82 RADIOLOGY 





Pelvis, Case 2, showing the punched-out 
areas of destruction, especially to be seen in the 
left pubic bone. 


Fig. 7. 


1931, the right tibia became painful with- 
out trauma, but did not drain pus until 
July. Blood Wassermann was negative. 
Several fragments of carpal bones were 
removed and the lesion of the tibia drained. 
Pus specimens from wrist and tibia were 
negative for tubercle bacilli by guinea 
pig inoculation, but grew blastomycetes 
on culture. Sputum was negative for 
fungi. Patient has improved sympto- 
matically on iodides by mouth and copper 
sulphate locally. 

Discussion.—Our first case was ad- 
mitted as a case of syphilis and the first 
film, which showed the skull defect, tended 
to prove this. Chest films, however, were 
suggestive of a mycotic infection and the 
bone condition, as shown in the spine, was 
diagnosed as a fungus lesion of some type 
until the organism was found. 

The second case was diagnosed correctly, 
as our first case was still fresh in our minds. 

The possibility of blastomycosis was 
made clinically in the third case, but the 
portal of entry cannot be determined as 
the lungs have yet to show any pathology. 
The broken skin of the palm would indicate 
that as the portal of entry. 





Fig. 8. 


Wrist, Case 3, showing destruction of 
end of ulna, with beginning involvement of the 
carpal bones. 


SUMMARY 


1. Only 32 cases of blastomycosis of 
the bones have been reported. 

2. Blastomycosis of the bones is usually 
a manifestation of systemic blastomycosis, 
and so local therapy, such as excision, is 
not sufficient. 

3. A complement deviation test might 
prove of value in diagnosis, and autogenous 
vaccine in therapy. 

4. Tuberculosis, coccidioidal granu- 
loma, and blastomycosis produce the same 
pathology. 

5. We feel that the possibility of blasto- 
mycosis should be considered in all chronic 
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osteomyelitic lesions and the pus examined 
for blastomycetes. 


I wish to thank Dr. F. M. Smith for 
permitting me to use his private records. 
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Tibia, Case 3, showing the defect in 
At the present time this de- 
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HEAT PRODUCTION IN DIATHERMY TREATMENTS’ 


By ALLAN HEMINGWAY, PH.D., Minneapolis 
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MATTER of interest in the clinical 
A use of diathermy is the total amount 
of heat in calories which is received 
by the patient during a treatment and the 
rate at which this heat energy is delivered. 
This is especially important in view of the 
recent efforts of the Council of Physical 
Therapy of the American Medical Associa- 
tion to standardize and improve dia- 
thermy machines. It is necessary to know 
the amount ci heat energy required for a 
proper treatment before requirements can 
be made for the manufacture of suitable 
diathermy machines for clinical use. 

It is the purpose of the following meas- 
urements to determine: (1) the total 
amount of heat in kilogram calories which 
a patient receives during a routine treat- 
ment, and (2) the rate at which heat energy 
is generated within the tissues. This 
latter value is most conveniently measured 
in watts and represents the high frequency 
power output of the diathermy machine. 
The physical relation is 

1 watt 4.19 gram calories 
per second. 

Theory.—The measurements were made 
by means of a high frequency thermocouple 
voltmeter connected in parallel with the 
patient and a high frequency ammeter in 
series with the patient. From alternating 
current theory it is known that the heat 
production in calories per second is given by 
the relation 0.24 VJ cos 6, wherein V 
is the reading of the voltmeter and J 
is the current in amperes. From earlier 
work (1) on plant tissues and more re- 
cently (2) on diathermy patients, it has 
been shown that at the high frequency of 
the diathermy current the ‘‘power factor” 
cos 9 is equal to unity, although at lower 
frequencies it may be considerably less 
than unity. Hence, since cos @ i; 





1 Aided by a grant from the American Medical Association. 
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the high frequency power is 0.24 VI 
calorie per second. 

Experimental.—The patients used were 
those undergoing diathermy treatment at 
the University Hospital of the University 
of Minnesota with the diathermy doses of 
current intensity and duration time of 
treatment as prescribed by the Staff of the 
Hospital. In one group of experiments 
the total heat production and power out- 
put were measured by a thermocouple 
voltmeter and ammeter. For a voltmeter 
a specially constructed model 492 Weston 
thermocouple voltmeter was used. The 
ammeter used was the thermocouple am- 
meter in the diathermy machine. 

Preliminary tests were made on two volt- 
meters and two ammeters using the four 
possible combinations of the two instru- 
ments. The heat production was meas- 
ured calorimetrically (3) by using electro- 
lytic solutions having resistances of the 
same order of magnitude as a patient. 
The following is the result of a single test: 


Rate of heat production measured 


calorimetrically = 29.7 watts 
With voltmeter (1) and ammeter (1) V;I; = 27.4 
With voltmeter (2) and ammeter (1) V2I, = 30.2 
With voltmeter (1) and ammeter (2) ViI, = 25.6 
With voltmeter (2) and ammeter (2) Vol. = 28.3 


Thirty-six similar tests were made, 
varying the solution resistance, spark gap 
interval, the diathermy machine, and the 
coupling inductance, and the correction 
factor for a particular machine, volt- 
meter, and ammeter was determined. 
Thus with a Victor diatherniy machine 
which was used, with the ‘‘voltage” and 
“frequency” connection fixed and the same 
ammeter and voltmeter throughout, it 
was found that by multiplying the ob- 
served voltage x current by the cor- 
rection factor the true heat production 
was computed. This correction factor 
varied with the energy production, but 
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was independent of the spark gap interval 
and the resistance of the solution. The 
correction factor for different power values 
is given in Figure 1. Thus, in order to 
obtain the true power, the product I X V 
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Results.—In local diathermy, 7.e., treat- 
ments of joints, extremities, and regions 
of the trunk, as distinguished from general 
diathermy wherein the whole body is 
heated by a massive dose, it is found that 


{00 120 140 160 180 


VxI (watts) 


Fig. 1. 


must be multiplied by the correction fac- 
tor corresponding to the value of I X V. 

The results of a series of measurements 
are given in Table I. 

The two types of electrodes used are 
the pliable tin electrode, designated as 
M in the table, and the saline pad, desig- 
nated as P. Other values of the high 
frequency power output can be obtained 
from an earlier paper (3) wherein high 
frequency resistance values of patients and 
the diathermy current are given. The 
power output is I°R. If the I°R values 
are calculated, it will be seen that they 
are of the same order of magnitude as 
those in Table I. In this earlier work no 
correction was made for the ammeter, but 
the reading of this instrument is approxi- 
mately correct as other data in the same 
table indicate. 


Correction factor for Victor ammeter and Weston 125-volt voltmeter, Victor diathermy machine. 


the high frequency power received by the 
patient varies from 10 to 218 watts, while 
the majority of treatments are less than 
100 watts. During treatments lasting 30 
minutes the heat energy from the electrical 
current alone, which is produced in the 
tissues of the patient, varies from 15 to 60 
kilogram calories of heat. 

Discussion of Results ——Diathermy ma- 
chines which are to be used for local 
diathermy treatments must be capable of 
producing up to 250 watts of high fre- 
quency electrical energy. The frequency 
of the current must also be sufficiently 
high to prevent neuromuscular response, 
and with this high energy output there 
must be no unbalance of the circuit re- 
sulting in faradic stimulation due to low 
frequency pulses. 

These results enable a standard to be 


TABLE I.—ENERGY AND POWER PRODUCTION DURING DIATHERMY TREATMENTS 








Area Power Total Heat 
Type (1) (2) Region Current Voltage Time (watts) (calories) 
M 9x 16 9x 16 Shoulder 1.0 51 30 56.1 24.2 
M 16 x 11 18 x 16 Hip 0.97 66 30 69.2 29.8 
M 24 x 20 24x17 
(post.) (ant.) Thoracic 2.1 102 30 218.0 94.5 
M 15:x-11 18 x 16 Hip 10 53 30 57.8 25.4 
re ‘ea bs! 42 cm. 
Cuff Thigh 1.5 93 25 145.0 52.4 
Ww 9x13 9x13 Hip PO 56 30 61.0 26.4 
© 8x 10 8x 10 Knee 0.80 43 30 39.2 16.7 
9x 16 5 t 


Shoulder 


0.90 52 25 51. 56. 
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set for diathermy machines. They must 
be so constructed that they are capable 
of generating enough energy to produce 
sufficient local hyperthermia. The values 
which are given are those which have been 
found to be satisfactory for routine clinical 
treatments by the Staff of the University 
Hospital of the University of Minnesota. 

Another important aspect of this prob- 
lem is the possibility of studying the 
physiologic response of the patient to 
measured dosages of heat. By means of 
the system described, it is possible to 
apply any predetermined number of calo- 
ries to any part of the body over any de- 
sired interval of time. The physiologic 
response, 7.e., temperature rise, increased 
blood flow, cardiac response, etc., may vary 
in certain normal and pathologic conditions 
and the difference in response may be of 


importance in diagnosis. This is a matter 


for future research. 


These experiments were carried out with 
the co-operation and assistance of Dr. 
Stenstrém and his Staff of the Department 
of Physiotherapy of the University Hos- 
pital. I would like to take this occasion 
to express my appreciation of their in- 
terest and co-operation. 

I also wish to acknowledge a grant from 
the American Medical Association for the 
purchase of apparatus. 
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LEAD POISONING IN INFANTS AND CHILDREN 


ROENTGENOLOGICAL FINDINGS! 


By EDWARD C. VOGT, M.D., and CHARLES F. McKHANN, M.D., Boston 


From the Department of Pediatrics, Harvard Medical School, and the Infants’ and Children’s 
Hospitals, Boston 


EAD poisoning in infants and chil- 
LL dren is, unfortunately, of relatively 

common occurrence. In the past 
nine years, 95 cases have been observed in 
the Infants’ and Children’s Hospitals of 
Boston, and in the past twelve months 
(to September, 1933) 19 patients were 
admitted to the hospital with symptoms 
of intoxication directly attributable to this 
cause. 

It is not within the scope of this paper 
to discuss in detail the etiology and clinical 
features of the disease. An extensive 
résumé of lead poisoning has been pub- 
lished by Aub and his co-workers and 
recently a review of the manifestations of 
the disease in children has appeared (1, 8). 
However, a brief description of the sources 
of lead and symptomatology, together with 
an evaluation of certain special signs and 
tests, is desirable in determining the 
proper place of the roentgenologic findings 
as aids in the diagnosis. 





SOURCES OF LEAD 


Lead poisoning in children is due usually 
to the ingestion of lead paint, chewed by 
the child from the toys, crib, or woodwork 
of the house. Small amounts of lead in 
drinking water may lead to intoxication. 
We have seen one case of lead poisoning 
following the eating of fruit which had been 
sprayed with lead arsenate. In infants, 
prolonged use by the mother of lead nipple 
shields (14) or the application to the 
breasts of lead acetate ointment has re- 
sulted in intoxication. In Japan, poisoning 
of infants has occurred frequently from the 
use by the mother of face powder con- 





_' Read before the American Congress of Radiology, Chicago, 
Sept. 25-30, 1933. 
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taining lead (3, 4, 5). Recently an ex- 
tensive series of cases has been reported 
of poisoning following the inhalation of 
fumes in homes where casings of storage 
batteries were used as fuel (15). 

The development of symptoms following 
the ingestion or inhalation of lead appears 
to depend upon the age of the child, the 
amount of lead absorbed, and the period 
of time over which it is taken in, as well as 
individual variation in tolerance. The 
poisoning by lead of all the young patients 
we have seen has been a gradual process. 
Whether from paint, water pipes, or nipple 
shields, the ingestion of small amounts of 
the metal has gone on for weeks or months 
before the patient was brought for medical 
attention. Thus we usually see the cul- 
mination in acute symptoms of what is 
actually a chronic poisoning. 

When lead is absorbed it is probably 
carried to all parts of the body, the major 
portion soon being deposited in the bones 
in inert form (1). However, lead as well 
as other minerals is always in a state of 
flux between deposition and resorption; 
small amounts are constantly being elimi- 
nated. Under certain circumstances the 
lead deposited in the bones may be 
mobilized again to enter the circulation 
and cause symptoms of disease. A patient 
whose bones contain deposits of lead may 
be spoken of, therefore, as having latent 
lead poisoning. Acute, febrile illnesses or 
acidosis appear to be the important fac- 
tors influencing the mobilization of lead, 
changing a latent into an active type of 
poisoning. 


SYMPTOMS 


The complaints for which children with 
severe lead poisoning are brought to the 
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R. M., female, aged 2'/2 years, admitted 
Oct. 3, 1932, on account of irritability, ataxia, 
tremors, drowsiness, and vomiting—-becoming pro- 


Fig. 1. 


gressively worse for three months. Had been 
chewing paint for at least four months, prohably 
longer. Roentgenograms on admission showed 
heavy lead lines in the long bones and separation 
of the cranial sutures shortly after admission. 
Blood contained numerous stippled R.B.C. and 
spinal fluid increased cells and globulin. Intra- 
cranial pressure was greatly increased. Encephalo- 
gram made after the acute symptoms kad subsided 
shows enlarged ventricles (brain atrophy). Al- 
though the sutures are still separated there is no 
longer increased pressure. Child is defective 
mentally and almost completely blind. 


hospital are vomiting and convulsions. 
On questioning the parent, one usually 
finds that for a considerable period the 
child has been nervous, fretful, consti- 
pated, and perhaps somewhat anemic. 
Occasionally the child has been considered 
a behavior problem. 

Disturbance of the central nervous 
system is indicated by the development 
of projectile vomiting, ataxia, muscular 
twitchings, and slight stiffness of the 
neck, followed by stupor, lethargy, and 
generalized convulsions. 

After the development of the en- 
cephalitic process which is the usual form 


the 


oi the disease in children, blood 
pressure is usually elevated, the pulse 
and respiratory rates may become slower 
than normal, examination of the eye 
grounds may show choking of the optic 
discs, and occasionally separation of the 
cranial sutures is observed by roentgeno- 
gram (Fig. 1). 

Even though the patient survives acute 
lead encephalitis he may sustain perma- 
nent cerebral injury inasmuch as the central 
nervous system seems to be especially 
susceptible to damage from deposition 
of lead. Of the 19 cases with symptoms 
seen during the past year, three died, while 
at least three of the 16 surviving have 
symptoms of residual damage such as 
cerebral palsy, epileptiform seizures, par- 
tial blindness, and mental deficiency. 

In the less severe types of intoxication, 
instead of symptoms of disturbance of the 
central nervous system, patients may have 
vague gastro-intestinal complaints, ano- 
rexia, constipation, and abdominal cramps. 
If associated with vomiting at this stage, 
the symptoms often suggest some intra- 
abdominal surgical condition. 

Lead neuritis, encountered in adults with 
plumbism, is not common in childhood, but 
it does occur; the resulting weakness of 
the extremities may lead to confusion of 
the condition with poliomyelitis. One 
small girl, subsequently proved to be suffer- 
ing from lead poisoning, complained of 
pain in the legs and difficulty in walking, 
and was referred to her family physician 
as a case of rheumatic fever. Recovery 
was complete when she was prevented 
from eating any more paint. 

Thus far no satisfactory therapy has 
been developed for patients in the severe 
encephalitic stage of lead poisoning. Al- 
though the outlook must be pessimistic 
in patients suffering from lead encepha- 
litis, recovery seems to be quite rapid and 
complete in the milder types of the disease 
in which symptoms are recognized early 
and the ingestion of lead promptly stopped. 
The early and accurate diagnosis of the 
condition is therefore of paramount im- 
portance. 
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Fig. 2. M. O., aged 2 years. 
growing ends of the long bones. 
at the time of acute lead poisoning. 
almost three years later (Feb. 15, 1938). 


site of the previous lead bands. 


itself, 7.e., an actual osteitis or osteopathy. 


SPECIAL DIAGNOSTIC SIGNS AND TESTS 


A lead line at the gum margins, char- 
acteristic of lead poisoning in adults, is 
dependent on the decomposition of food 
débris and the precipitation of lead sul- 
phide particles in the capillaries of the 
gums. We were able to detect this line 
in very few of our cases and, therefore, 
do not consider it to be a reliable sign of 
lead poisoning in infants and children. 

Basophilic stippling of the red blood 
corpuscles, if present to an appreciable 
degree, is of considerable diagnostic sig- 
nificance, although it is sometimes found 
in other conditions. It seems to be tran- 


(A) Lead bands in the 
Film made May 27, 1930, 
(B) The same patient 
Child has en- 
tirely recovered but scars are still present in the shaft of the 
tibia and the epiphyses of the tibia and femur at the exact 
It is probable that all the 
lead has been eliminated, but the persisting scars suggest 
that the lead has produced changes in the bone structure 
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Fig. 3. L. P., male, aged 2 years 9 months, 
admitted on account of irritability, difficulty in 


walking, failure to talk, and incontinence. 
Mother said he had always chewed paint from 
the furniture and toys. Note a broad zone of 
increased dénsity at the ends of the long bones, 
indicating prolonged deposition of lead. The 
ends of the shafts are also wider than normal, 
due, probably, to a chronic lead osteitis or 
osteopathy. 


sient and may be absent even during the 
acute stage of severe lead poisoning. 

Chemical analysis of excreta is advan- 
tageous in that minute amounts of lead 
may be detected. It has been shown, 
however, that under present-day living 
conditions practically all persons, young 
and old, are constantly excreting small 
amounts of the metal (7). Unless the 
analyses are quantitative, interpretation 
is difficult; the technic of this specialized 
procedure makes chemical examination 
available in only a limited number of 
laboratories. 

With the spectroscopic analysis of blood 
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Fig. 4. L. H., aged 19 months, admitted on ac- 
count of refusal to eat, irritability, and change of dis- 
position. Ina routine film of the chest the margins of 
the ribs were seen to be quite dense. Films of the 
extremities (A) were then obtained (Sept. 28, 1932) 
which showed the dense bands at the metaphyseal 
margins. Film (B), five months later (Feb. 21, 1933) 
shows the typical broadening of the lead line as the 
result of growth. 


as advocated by Shipley, Scott, and 
Blumberg (12) we have had no experience. 


ROENTGENOLOGIC FINDINGS 


The roentgenologic findings appear to be 
among the most dependable diagnostic 
signs of lead poisoning in infants and 
children. The roentgen signs recognized 
independently by several observers (9, 13, 
2, 6) consist chiefly in the finding of heavy 
bands of increased density at the growing 
ends of long bones or at the margins of 
flat bones.” With one possible exception 


2 We have on a few occasions observed dense flecks of foreign 
material in abdominal films which were presumably paint in the 
intestines 





Not a case of lead 
poisoning. In (A), made June 27, 1931, the margins 
of the femur and tibia are quite dense, due to recent 


Fig. 5. P.S., aged 15 months. 


calcium deposit. It is not of the metallic density 
of lead. Film (B), four months later (Oct. 24, 1931), 
shows no appreciable change in the density or 
width of the bands at the metaphyseal margins, 
which is in contradistinction to the bands due to 
lead. 


these bands in the growing ends or margins 
of bones have been found in all of our cases 
of lead poisoning in children. The true 
bands of lead deposit are usually dis- 
tinctive, having a metallic character which 
is comparable to that of the lead numerals 
used as markers on the edge of films. 
The depth of these opaque bands in the 
different bones appears to be proportional 
to the rate of growth, and, in general, the 
bands stand out most distinctly where 
growth is most rapid. 

Contrast on the film depends largely 
on the amount of superimposed dense 
tissue and, therefore, the larger, rapidly 
growing areas of bones are best suited for 
the demonstration of lead bands.  Pro- 
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jection of the rays should be as nearly 
perpendicular to the end of the shaft of 
the bone as possible. By centering directly 
over the knees one has the advantage of 
visualizing the lower ends of the femora 
as well as the upper ends of the tibie in 
what are practically perpendicular planes. 

The studies of Aub and his co-workers, 
demonstrating the tendency of lead to 
deposit in the bones of the body, suggest 
that the deposition of the roentgen- 
opaque metal in the growing portion of 
the bones is at least the chief cause for the 
appearance of the bands of increased 
density, observed on the films. That 
deposition of lead in the growing bone is 
actually the cause of these bands of in- 
creased density is indicated by the results 
of chemical analyses of the bones of fatal 
cases in which it has been demonstrated 
that lead is present in much heavier con- 
centration at the growing margins than in 
other parts of the cortex, while the calcium 
content is actually diminished (Table I). 

Park and his associates (10) found in 
histologic sections an unusual persistence 
of the framework of cartilaginous inter- 
cellular substance. They mention as a 
possible cause, a lowering of osteoblastic 
activity due to the action of lead on the 
tissues. 

As gross evidence of what might be 
considered a lead osteitis or osteopathy 
one sees transverse lines or scars in the 
roentgenograms years after the ingestion 
of lead has ceased (Fig. 2). Chronic 
cases may show actual widening of the 
ends of the long bones where lead has been 
deposited over a prolonged period of time 
(Fig. 3). 

Any difficulties we have had in the inter- 
pretation of films have been not so much in 
failure to detect the dense bands when 
lead was present, as in the differentiation 
between lead bands and those due to heavy 
calcium deposit. In healing or recently 
healed rickets, especially if Vitamin D in 
the form of viosterol has been admin- 
istered, the metaphyseal margins may be 
very heavy. One should be cautious in 
making a diagnosis of plumbism if there is 
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i 17 months, 
brought originally to the hospital on account of 


Fig. 6. J. T., male, aged was 
an injury. The history revealed that the child 
had a persistent habit of chewing paint off the 
furniture and woodwork. There were, however, 
no symptoms of lead poisoning. This was con- 
sidered a case of latent plumbism, and the mother 
warned about the danger. Two weeks later the 
boy was brought back with discharging nose, fever, 
vomiting, and convulsions. The acute respira- 
tory infection, with fever, was evidently the im- 
mediate cause for putting enough lead in cir- 
culation to bring on acute symptoms of lead 
intoxication. 


evidence of recently healed rickets. It 
must also be remembered that in normally 
growing infants the metaphyseal margins 
are sometimes fairly dense. Equivocal 
lines, in our experience, have usually not 
been due to lead. As a check on the ac- 
curacy of an original impression, one may 
re-examine the knees in the course of 
two or three months. If lead was present 
originally, the bands will have become 
broader, following the growth at the ends 
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of the bones (Fig. 4). On the other hand, 
if the bands originally were due to calcium 
deposit, they will not have broadened but 
will remain essentially the same as time 
goes on (Fig. 5). 

Other causes of densities at the ends of 
the long bones have been mentioned in 
previous papers, but actually, their im- 
portance as a possible source of confusion 
is almost negligible. Zones of increased 
density formed following the administra- 
tion of elementary phosphorus are an 
exception (11) and simulate closely the 
bands of lead deposit. 

Occasionally bands typical of lead de- 
posit are found in the bones of children 
with no symptoms of lead poisoning, who 
are examined for some other reason—for 
instance, an injury to the leg (Fig. 6). 
These usually represent cases of latent 
plumbism. It is important that such cases 
be recognized because these patients may 
at any time develop symptoms of acute 
lead poisoning. 


TABLE I.—DETERMINATIONS OF LEAD AND 
CALCIUM IN THE CORTEX OF THE SHAFT 
OF THE FEMUR AND IN THE LEAD LINE AT 
THE GROWING END OF THE FEMUR.* 














Cortex of | End of 
Femur Femur 
Mgm. Ca per gm. bone | 2090 83.5 
Mgm.Pbpergm.bone | 0.114 | 40.602 
Mgm.Pbpergm.Ca __ Z 0.56 | 721 
SUMMARY 


Lead poisoning in children is a serious 
disease of relatively frequent occurrence, 
characterized in the more severe forms by 
an encephalitic process leading often to a 
fatal termination or to permanent cerebral 
injury in the patient. 

Inasmuch as therapy directed toward 
relief of the encephalitic process is un- 
satisfactory, prevention of the ingestion 
of lead, and diagnosis of the disorder be- 
fore the development of cerebral involve- 
ment are of the utmost importance. 

The roentgen signs of lead poisoning are 
not specific, yet, through experience, we 





* Chemical analyses by Dr. L. T. Fairhall. 


have learned that they are dependable 
and of the greatest value in differential 
diagnosis. By correlation of the clinical 
and roentgenologic findings, a diagnosis of 
lead poisoning usually can be arrived at 
with a high degree of certainty. 
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THE EFFECT OF RADON IMPLANTS ON THE CYTOLOGY OF 
THE LIVER OF THE ALBINO RAT? 


By J. C. THOMAS ROGERS, M.D., Fellow in Surgery, and GEORGE M. HIGGINS, PH.D., 
Division of Experimental Surgery and Pathology, The Mayo Foundation, Rochester, Minnesota 


ADIOTHERAPISTS, since the early 
h days, have depended for therapeutic 

results on selectivity of their radio- 
active agent for certain cells of the organ- 
ism. Since mature or fully differentiated 
tissue possesses increased resistance to 
irradiation, particularly to the hard beta 
and gamma rays of radium, the stages of 
cellular retrogression after exposure to 
these rays no doubt transpire more slowly 
in the adult, and thereby afford adequate 
time for a more accurate and compre- 
hensive study of the consequent cellular 
changes. 

This experimental study was undertaken 
to determine the cellular changes which 
occur in the liver, a specialized parenchy- 
matous organ, subjected to the influence 
of radium as contained in gold-filtered 
radon seeds. The white rat was selected 
for the experiments because large numbers 
are available, and because the rat is well 
adapted to operative procedure and labora- 
tory confinement. 

In 1898, three years after the discovery 
of the roentgen ray, Curie submitted her 
thesis regarding the new element, radium. 
Investigations from the standpoint of its 
physical organization were first under- 
taken, and many of the then unknown 
physical characteristics of the new ele- 
ment have become more or less common 
knowledge. In 1911 Becton and Russ 
exposed pieces of fresh spleen, liver, pan- 
creas, duodenum, and kidney to radium 
emanation in order to study the effect on 
Altmann’s granules in the cytoplasm. 
They concluded that the alpha ray was 
chiefly responsible for the disappearance 
of these granules from the cell bodies. 
Richards showed that exposure of cells 
to rays of great intensity retarded or even 
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inhibited growth, subsequent differentia- 
tion and regeneration, and even inter- 
fered with the processes of cell division. 
Amitosis was induced in instances in which 
formerly indirect cell division had been 
the method of multiplication. The degree 
of injury to the chromatin appeared to be 
an important factor. 

In 1927 Russ and Scott reported their 
study of the effect of emanation on tumor 
and hepatic cells of rats. They concluded 
that the tissue remained practically un- 
changed if the intensity of the irradiation 
was below the rate of one beta particle 
each second. They also observed a defi- 
nitely diminished effect of the irradiation 
on cells directly around blood vessels. 


METHOD OF EXPERIMENT 


All animals used were prepared 
surgically, and laparotomy was performed 
through a median line incision under ether 
anesthesia. The presenting left central 
lobe of the liver was held lightly in gauze 
and the radon seed was introduced about 
0.5 em. below the surface of the liver by 
means of a suitable spinal puncture needle 
with a well fitting obturator. The slight 
bleeding thus induced was easily con- 
trolled with warm moist gauze sponges, 
and the abdominal wound was sutured with 
linen. Operative procedures averaged ap- 
proximately four minutes, thus making the 
amount of ether used practically negligible. 
In order to determine the effect induced 
within the liver by the mechanical irrita- 
tion of these gold seeds, a number of ani- 
mals was observed in which identical seeds, 
without the emanation, were introduced 
into the corresponding lobe of the liver. 
These animals served as controls. 

The active radon seeds used were about 
3 cm. long and 1 mm. in diameter; 0.3 
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Nests of small round cells in 


Fig. 1-A (upper). 


hepatic sinusoids of irradiated liver twenty-four 


hours after operation; a, small round cells; 3), 


hepatic cell (X 800). 

Fig. 1-B (lower). a, histocyte in necrotic zone 
of irradiated liver forty-eight hours after operation 
(X 2,000). 


mm. 14 carat gold composed the walls of 
the tiny cylinder. This 0.3 mm. of gold 
screening absorbs all but about 0.36 per 
cent of the beta rays and permits the 
passage of 82 per cent of the gamma 
irradiation (2). The total irradiation trans- 
mitted with this amount of filter is 3.16 
per cent, and of this 8.8 per cent is beta 
and 91.2 percentis gamma. (The original 
amount of unfiltered beta is much greater 
than gamma.) 

The irradiated and control animals 
were killed by exsanguination at six, 
twelve, forty-eight and ninety-six hours, 
and seven, fourteen, thirty and sixty days 
following operation. At necropsy the lobe 
of the liver containing the radon seed was 
excised, and with a sharp blade it was cut 
into parallel sections about 2 mm. thick, 
fixed in formalin and stained with hema- 


toxylin and eosin and van Gieson’s stain. 
The silver carbonate method of Del Rio 
Hortega was also employed for a study of 
the reaction of the irradiation on the 
mitochondria. 

The radon seeds for the six-hour series 
contained approximately 1.33 millicurie 
each; those for the twelve- and twenty- 
four-hour series, 0.5 millicurie each; those 
for the forty-eight-hour and four-day 
series, 1.1 millicurie each; those for the 
seven- and fourteen-day series, 1.5 milli- 
curie each, and those for the thirty- and 
sixty-day series, 1.35 millicurie each. The 
seeds used for the control animals were 
valueless gold seeds but otherwise identical 
in every respect to those containing the 
active substance used for the irradiated 
animals. 


OBSERVATIONS 


At six hours following the operative 
procedures the reaction of the test animal 
to the radon seed was essentially identical 
to that of the control animal. A localized 
inflammatory reaction had taken place, 
and the local histocytes, or Kupffer cells, 
were markedly injured in the region im- 
mediately around the site of the implant. 
These cells in normal hepatic parenchyma 
are ordinarily spindle-shaped or star- 
shaped and they usually lie along the wall 
of the sinusoid or frequently are free in the 
blood stream. With hematoxylin stains 
the nuclei of the cells subjected to the 
irradiation were deeply colored, and they 
were often so large as almost to obscure 
their cytoplasmic bodies. In the regions 
immediately surrounding the site of im- 
plant, however, a differentiation in the 
staining reaction was manifest at six hours 
in that the cells stained lightly with hema- 
toxylin. At twelve hours after operation 
these histocytes in the irradiated liver had 
increased, not only in size but in number 
in both the outer portions of the necrotic 
zone and in the sinusoids of the surround- 
ing normal parenchyma of the liver. 

At twenty-four hours after operation 
a marked contrast in the cytologic reaction 
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induced by the radon seed and the control 
seed was really first manifest. In the 
liver containing the active seed there was 
an acutely injured zone immediately a- 
round the seed, whereas a wider zone of 
slighter injury but of more chronic reaction 
lay just peripheral toit. From the slightly 
injured region the transition to normal 
hepatic parenchyma was very gradual. 
In marked contrast to this reaction there 
was a sharp or abrupt transition from the 
injured inflammatory zone to the normal 
parenchyma in the liver containing the 
inactive gold seed used as control. The 
sinusoids of the irradiated liver were 
engorged with erythrocytes and leukocytes, 
and there was an increase in the number of 
local histocytes. There was infiltration of 
small round lymphocytes and the arrange- 
ment of these many small cells was pe- 
culiar; there were groups or clusters of them 
in the normal tissue surrounding the 
necrotic zone (Fig. 1-A). At forty-eight 
hours after implantation excessive nuclear 
débris in fragmented cells were inter- 
spersed with many polymorphonuclear 
leukocytes around the site of the radon 
seed. At the outer border of a zone of 
lightly stained enucleate hepatic cells and 
many histocytes, there was a narrow ir- 
regular zone consisting of more deeply 
stained hepatic cells with pyknotic nuclei, 
small round cells and wandering histocytes. 
These lymphocytes and histocytes had 
further increased in number and the former 
continued to show the ‘‘nest’’ arrangement 
within the sinusoids more remote from the 
necrotic areas, whereas the latter appeared 
in a variety of forms in the deeper necrotic 
zone. The ratio of histocytes to the num- 
ber of round cells decreased from the center 
to the periphery of the necrotic zone, and 
unusual nuclear patterns wherein small 
globules of chromatin were held as by a 
thread to the main nucleus (Fig. 1-B), 
were often encountered. Many of these 
cells were dumbbell-shaped, showing a 
faint protoplasmic connection between 
the two nuclear segments thereby indicat- 
ing an amitotic cell division. It is difficult 
to describe in detail and exactness the 


RADON IMPLANTS 95 





Fig. 2-A (upper). Hepatic lesion of control 
animal, seven days after implantation of inactive 
seed; a, normal parenchyma; 2, site of inactive 
seed (X 190). 

Fig. 2-B (lower). Hepatic lesion of animal seven 
days after implantation of active gold seed; a, 
migrating histocytes; 6, site of active seed; c, 
necrotic parenchyma (X 190). 


multiplicity of the shapes and sizes which 
characterized these greatly enlarged 
wandering histocytes, but the lymphocytes 
in the so-called nests manifested a rather 
constant tendency toward an ovoid nuclear 
form. 

Hepatic cells closely associated with 
blood vessels in portal spaces appeared 
to be less affected by the emanation than 
those more remote (Fig. 2-4). Whether 
this is due to such proximity, thereby 
affording perhaps more adequate and rapid 
blood supply, cannot be definitely stated. 
In studies on toxic reactions in the liver 
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Fig. 3. Hepatic lesion of animal thirty days after 
implantation of active gold seed; a, site of active 
b, reticular fibers; c, normal parenchyma 


we have noted, especially following poison- 
ing by carbon tetrachloride, that cells im- 
mediately adjacent to blood vessels are far 
less likely to be injured than those in central 
or peripheral portions of the lobule. 

Seven days after implantation of the 
active and control gold seeds into the 
hepatic parenchyma, further differential 
reactions had occurred. The liver sub- 
jected to the radium emanation of the gold 
seed appeared to be chronically inflamed, 
and the enucleate lightly stained hepatic 
cells maintained an arrangement essentially 
normal. The zone of injury, however, 
was extensive, and near its periphery con- 
nective tissue fibrils formed a loose net- 
work in which both lymphocytes and 
pyknotic cell nuclei were embedded. The 
lesion in the liver used as control, on the 
other hand, was far less extensive and there 
was an abrupt transition from the zone of 
inflammation to the peripheral normal 
parenchyma (Figs. 2-6 and 3). 


After fourteen days the reactions within 
the irradiated parenchyma were compa- 
rable to those noted, except that injury was 
greater. Bizarre types of histocytes were 
scattered rather widely through a wide 
zone of hyalinized necrotic tissue, but near 
the periphery of the lesion these reticular 
cells were more nearly normal in form. 
Often at the periphery of the lesion ap- 
parently normal cells of the parenchyma 
were scattered through the fibrillar net- 
work. Marked thickening of the walls and 
hyalinization of related blood vessels were 
observed for the first time in all livers sub- 
jected to the emanations. 

On the thirtieth day apparently normal 
histocytes had penetrated the necrotic 
zone and were scattered in considerable 
numbers throughout the center of the 
lesion, whereas nearer the periphery they 
were infrequent. At the extreme edge of 
the lesion, the apparent limits of the effect 
of the emanation, histocytes had again 
assembled in considerable numbers. They 
were all now more nearly normal in shape 
and had lost the multilobular form noted 
during the earlier phases of the reactions. 
Nests or groups of small cells were present 
in the normal parenchyma just beyond 
the edge of the lesion, and it is not un- 
likely that these represented stages in the 
proliferation of the infiltrating reticular 
cells. Hyalinization of blood vessels initi- 
ated earlier, characterized the lesions at 
thirty days, for the medial and intimal 
layers were completely congealed. The 
fibrous adventitial coat, on the other hand, 
continued to show some resemblance to 
the normal condition. There was no 
definitely circumscribed fibrous capsule, 
such as is often encountered in other 
reactions, for the reticular tissue of the 
hyalinized area continued without marked 
gradation into normal parenchyma. Al- 
though some of the experimental ani- 
mals were observed for sixty days, the 
extent of injury at this time was most 
comparable to that described at the thirty- 
day interval. Further increase in the 
number of local histocytes was perhaps 
most noticeable and was in marked con- 
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trast to the number identified in the lobes 
of the liver containing the control or blank 
seed. A further striking contrast between 
the control and active radon seeds con- 
cerned the nature of the tissue delimiting 
the lesion from normal liver. A fibrous 
capsule was laid down around the lesion 
induced by the inactive foreign body and 
formed a definite wall which separated 
the necrotic from the normal tissue. In 
the hepatic tissue subjected to emanation 
no such capsule was formed; the necrotic 
hyalinized tissue continued more or less 
imperceptibly into the more distal normal 
functioning parenchyma. 


COMMENT 


The most marked cellular reaction in- 
duced by the emanation of the radon im- 
plant in the liver was demonstrated by the 
local histocytes. These cells, originally 
described by von Kupffer, and often so 
designated, are a part of the defense mecha- 
nism in the body. They are probably not 
derived from vascular endothelium but 
have an origin comparable to the other 
wandering phagocytic cells of the animal 
organism and thus may well be designated 
as the histocytes of the liver. 

The initial response to the emanation, 
first demonstrated at twelve hours follow- 
ing operation, consisted in a,marked in- 
crease in the number of these phagocytic 
cells throughout the area immediately 
surrounding the radon implant, as well as 
in the more remote hepatic parenchyma. 
The early reaction appeared to be stimula- 
tive, when all or many of the local histo- 
cytes in a given region became detached 
from their position along the sinusoid and 
migrated toward the source of the emana- 
tion. Coupled with an increase in size 
these wandering cells often assumed un- 
usual shapes or outlines rarely if ever en- 
countered in a normal lobule of the liver. 

The source of so great an increase in 
these cells is not demonstrated. It 
hardly supposed that they arise from pre- 
existing histocytes, for evidence of cell 
division is not common. Nuclear budding 


is 
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or a process in which a portion of the 
nucleus was constricted and separated 
from the parent cell was occasionally 
seen; it may be that amitotic division was 
employed to secure such rapid prolifera- 
tion. 

With this rapid early increase in histo- 
cytes there was infiltration and prolifera- 
tion of small, round lymphocytes. These 
cells often appeared in groups or small 
nests, and there were indications that they 
arose from some pre-existing littoral cell 
along the sinusoid. These nests were more 
abundant in the peripheral portions of the 
lesion where the histocytes were less 
common and thus there was evidence to 
indicate some ontogenetic identity be- 
tween the histocytes and the lymphocytes. 
In the absence of the spleen it has been 
shown that these littoral histocytes give 
rise to similar nests of small round cells, 
comparable to those encountered in this 
study of the effects of the emanation. 

Less than twenty-four hours after opera- 
tion, the differential reaction in the control 
livers, and in the irradiated livers, is largely 
one of degree and not of kind. The re- 
action to the inactive gold seed used as 
control was such as any foreign body would 
induce. Migration of histocytes and the 
formation of fibrous tissue with the de- 
velopment of a demarcating wall ensued, 
so that the extent of injury to the liver 
was largely determined at that time. 
The arrangement of hepatic cells into 
typical cords or strands persisted in both 
the control and the irradiated parenchy- 
mas. Although these cords were most 
atrophic, largely enucleate and reacted 
but lightly to the eosin stain, they retained 
their lobular arrangement longer in the 
livers irradiated than in those containing 
inactive seeds. 

The extent of injury induced within the 
irradiated parenchyma increased, and at 
seven days a chronic inflammatory reac- 
tion had been induced, vastly more ex- 
tensive than that in the control animal. 
At fourteen days the lesion was even more 
extensive and for the first time changes 
in the vascular channels were noted. Both 
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intimal and medial walls of the blood 
vessels in the portal spaces had become 
thickened, and hyalinization had occurred 
in many instances. Since these changes 
in the blood vessels were noted so long 
after pathologic conditions were induced 
in the parenchyma, it would appear that 
the lesion was not related to an altered 
blood supply. Proximity to the vascular 
channels of the blood appeared to protect 
hepatic cells from injury comparable to 
that sustained by other cells, as hitherto 
shown by Russ and Scott. In many in- 
stances normal hepatic cells adjacent to 
blood vessels in portal spaces were flanked 
by cells in various stages of degeneration 
induced by the emanation. 


SUMMARY 


Gold filtered radon seeds were implanted 
in the livers of albino rats and histologic 
study made of the irradiated tissue at 
periods varying from six hours to sixty 
days. A series of rats, in which inactive 
but otherwise identical gold seeds were 
implanted into corresponding portions of 
hepatic parenchyma, served as control 
animals and were killed at like intervals 
after operation. 

The most marked cellular activity in 
the liver was demonstrated by the local 
histocyte. An increase in number and in 
size was noted at twelve hours and the 
maximal activity was attained at forty- 


eight hours. There was definite evidence 
of amitotic cell division by fragmentation 
and budding. 

A latent period of twenty-four hours 
after implantation of the radon seed was 
noted in advance of any definite cellular 
injury, due to irradiation. 

Hepatic cells about interlobular blood 
vessels repeatedly exhibited less effect 
from the emanation than those in the intra- 
lobular parenchyma. 

Marked increase in the amount and 
more definite diffusion of the connective 
tissue fibers were present in the irradiated 
sections after seven days, and hyaliniza- 
tion of blood vessels was first present at 
fourteen days. 

There was definite retention of the gen- 
eral form and shape of the cell cords of the 
parenchyma up to seven days. Sub- 
sequently, however, the area became hy- 
alinized so that at fourteen days, large 
hyaline areas surrounded by radiating 
and diffuse connective tissue fibers char- 
acterized the lesion. 
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INTRODUCTION 


= HE treatment of carcinoma of the 
| urinary bladder with radium, roent- 

gen rays, and electrosurgery is not 
new. Considerable experience along these 
lines during the past 17 years has taught 
me that it is generally best to begin 
treatment with thorough external roentgen 
irradiation, followed promptly with the 
indicated surgical procedure and irradia- 
tion within the bladder with radium ele- 
ment. Treatment is completed with ac- 
tive post-operative external roentgen ir- 
radiation. 

Preliminary or Pre-operative Roentgen 
Therapy.—Regardless of the type or loca- 
tion of the carcinoma within the bladder, 
treatment almost always begins with thor- 
ough roentgen irradiation. These treat- 
ments are so planned that they will be 
completed within two weeks’ time, with 
not more than eight to ten days actually 
consumed in the treatments. The number 
of ports of entry varies from four to seven 
according to the size of the patient’s pelvis. 
They are taken from the lower abdominal 
region, the sacro-gluteal region, from the 
lateral aspects of the pelvis, and from the 
perineum. Generally in this two weeks of 
preliminary roentgen treatment each port 
is treated twice with rays generated by 
valve tube machines with condensers and 
constant potential at 190,000 volts, the 
focus-skin distance being 50 cm., the filter 
0.75 mm. Cu plus 3 mm. Al, 37 per cent of 
such rays reaching a depth of 10 centi- 
meters. The number of ports of entry, 
taken together with the time duration of 
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the treatment over each, is so planned that 
not less than 750 r units dosage will actu- 
ally be delivered to the diseased bladder 
by the total irradiation from all ports. 
The second series of pre-operative roent- 
gen-ray treatments is given in exactly the 
same way, thus bringing the total dosage 
up to 1,500 r units. 

Clinical Results of Pre-operative Irradia- 
tion.—Frequently following preliminary 
roentgen irradiation there is marked im- 
provement in the patient’s general condi- 
tion, especially in cases suffering with 
severe hemorrhage and secondary infec- 
tion. Bleeding is controlled, often within 
24 hours after treatment is begun. Aside 
from the benefit that the patient experi- 
ences from this alone, is the fact that 
further cystoscopic studies can be made 
much more valuable because the vision of 
the examiner is not clouded with blood, 
and he is, therefore, able better to define 
the extent of the involvement. Urinary 
sediment, pus cells, and débris, 7.e., 
products of a chronic infection, lessen and 
in some cases entirely disappear. Because 
of this the temperature is lowered and will 
sometimes reach normal within a few days 
or before preliminary treatment is com- 
pleted. In a considerable percentage of 
cases there will appear multiple implanta- 
tions in the wall of the bladder following 
operation. Preliminary irradiation — re- 
duces these to a minimum because irradi- 
ated cancer cells either do not grow at all 
when transplanted or grow with difficulty. 
Furthermore, while giving these treat- 
ments, sufficient time passes to permit of 
careful study and treatment of the patient’s 
other vital organs; it is felt, therefore, that 
no valuable time has been lost or wasted 
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Fig. 1. 
the bladder by means of a suprapubic cystotomy. 
(Pfahler and Thomas.) 


Electrothermic coagulation of tumor within 


because of this preliminary or pre-opera- 
tive roentgen irradiation. 

Electrosurgery.— There are several rea- 
sons why all attempts to remove or destroy 
a carcinoma of the bladder should be made 
by means of a suprapubic cystotomy. 
The first and most important reason is 
that it is not always possible to combine an 
expert cystoscopist and electrosurgeon in 
one and the same man. There is a certain 
mortality that seems to follow this opera- 
tion, but this is more than offset by the 
thorough work that is possible by cys- 
totomy. Frequently the expert cysto- 
scopist reports that he is not sure whether 
or not the bladder wall is infiltrated or 
where diseased bladder wall meets healthy 
tissue. Blood and smoke during attempts 
to destroy carcinoma of the bladder 
through a cystoscope add so much more 
to the difficulties that no one can ever be 
sure that all of the disease has been re- 
moved or destroyed. All of us are fa- 
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miliar with the poor results which follow 
removal of only a portion of the carcinoma, 
also the fact that complete removal or 
destruction at one sitting is better than 
complete removal or destruction by many 
sittings insofar at least as ultimate results 
are concerned. Therefore, if good results 
are to be expected, even in the simplest 
cases, which naturally are expected to give 
the highest percentage of permanent re- 
sults, nothing short of thorough, complete 
electrosurgery by means of a suprapubic 
cystotomy is advisable. 

Malignant Papilloma.—Since this type 
of lesion does not typically involve the 
bladder wall it is a simple matter to destroy 
the entire growth at one sitting by means 
of the hot bipolar current, 7.e., by electro- 
thermic coagulation. By using a milder, 
more superficial, current it is well to extend 
the destruction of tissue by coagulation 
around the base of the mass upon the 
bladder wall in what is undoubtedly 
healthy, normal tissue. 

Papillary and Infiltrating Carcinoma.— 
In many cases in these groups it is difficult 
to decide just which electrosurgical pro- 
cedure is apt to be followed by the best 
result. The selection of a definite method 
depends upon the extent of the disease, 
whether it is limited to the bladder wall or 
extends to structures outside the bladder. 
Also, the location of the growth within the 
bladder has a great deal to do with the 
final decision. If the growth is limited to 
the bladder, without extensions, providing 
it is located in the vertex, the anterior or 
the posterior vesical walls, good results 
often follow resection. However, none but 
a radical operation is of value, for which 
operation, of course, the bipolar, cutting, 
high frequency current is used. If the 
tumor involves tissues or organs outside 
the bladder wall, or localized tumors 
located at the prostatic orifice or trigone, 
or carcinoma of the posterior trigone in- 
volving a ureteral orifice, best results will 
no doubt follow destruction of the mass as 
completely as possible by electrothermic 
coagulation followed by radium treatment. 
Great care must be exercised here because 














STEVENS: 


Fig. 2. Radium needles placed in base of tumor 
following electrothermic coagulation and removal of 
the tumor. (Pfahler and Thomas.) 


it is perfectly possible to destroy the rec- 
tum, even though a finger is inserted into it 
during the operation. Since only pallia- 
tion is expected to follow in the vast 
majority of these hopelessly advanced 
cases, in many instances best results will 
naturally follow a thorough coagulation of 
only that portion of the tumor projecting 
above the bladder wall, followed by radium 
therapy, or intense, highly filtered roent- 
gen-ray treatment. There is much evi- 
dence from many sources that roentgen 
therapy with modern dosage technic will 
supplant all other methods of treatment, 
particularly for the advanced cases. 


RADIUM THERAPY 


Radium therapy is indicated in all 
three groups of carcinoma of the urinary 
bladder. When used following roentgen- 
therapy as outlined above, total radium 
dosage can be reduced, thereby eliminating 
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Fig. 3. 


Sagittal section, radium needles in place 
with their threads passed through drainage tube. 
(Pfahler and Thomas.) 


troublesome reaction in the bladder. 
However, the actual dosage applied in 
specific instances is determined by the size 
of the mass plus the extent of the involve- 
ment; therefore, for malignant papilloma 
the dose varies from one-half to one gram- 
hour for a single small tumor. For multi- 
ple lesions involving large portions of the 
bladder wall, radium treatment from a 
central location is indicated. This is done 
by placing the applicator in the center of a 
plain gauze packing which fills the bladder. 
With an equal distance to any portion of 
the bladder wall of 2 cm. through the 
gauze, the dosage ranges from 1.5 to 2.5 
gram-hours. 

Papillary and infiltrating carcinoma may 
be treated by either one of two methods: 
the implantation of radium element needles 
into the coagulated base or residue, as the 
“ase may be, or the packing of heavily 
filtered capsules against the base of the 
mass. The radium element needling 














Fig. 4. Closure of bladder showing placement of 
drainage tubes and threads to radium needles. 


(Pfahler and Thomas.) 


method of treatment is the older, has been 
used in many clinics in both this country 
and abroad, and is perhaps, therefore, a 
more standardized method of treatment. 
It is best done with platinum needles con- 
taining from one to two milligrams of the 
element. A sufficient number of needles 
must be at hand so that one may be buried 
into each cubic centimeter of coagulated 
base or tumor residue. These needles are 
left in place until the indicated dosage has 
been administered. 

A newer method of post-coagulation 
radium therapy, a method that appears 
thus far to have great possibilities for the 
future, is by the use of extremely heavy 
filters, even up to as much as four milli- 
meters of lead. This treatment is carried 
out by placing the radium element capsules 
within the filters and packing them against 
the coagulated mass. This method has 
for its object the production of a pure 
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Bladder rotated downward by drainage 


Fig. 5. 
tube which is fixed by stitches through lower angle 


of skin incision. Recti muscles and fascia are being 
closed. (Pfahler and Thomas.) 


gamma-ray irradiation of extremely short 
wave length. Too few cases have been 
treated by this method and the elapsed 
time is too short for me personally to draw 
any conclusions as to the permanency of 
results. However, a detailed report is 
promised from Dr. Pfahler upon this 
method of treatment which will, of course, 
prove the true value of this method of 
radium treatment. 


POST-OPERATIVE AND RADIUM THERAPY 

In from three to eight weeks following 
the completion of radium treatment not 
less than two further series of roentgen-ray 
treatments are given in exactly the same 
manner as described above. These bring 
the total roentgen dosage up to 3,000 r 
without, at any one treatment, producing 
an erythema. The skin is, however, 
deeply tanned by such dosage. 
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With such a combination of roentgen 
and radium treatments it is felt that the 
disease is kept saturated with radiations 
to the point of toleration for a considerable 
period of time; in fact, that the treatment 
given is probably as thorough as is applied 
by any one. 


RESULTS 


In 1922 Barringer reported 43 per cent 
three-year recoveries in papillary carci- 
noma upon which a pathologic diagnosis 
had been made, together with 29.7 per 
cent of the infiltrating type. There were 
98 cases in this group. Cases to the 
number of 127 were treated without a 
microscopic diagnosis, with 55 per cent 
three-year recoveries in those of the 
papillary group and 27.8 per cent recoveries 
in the infiltrating type. 

In 1926 Burnam reported 11 cures, 7.e., 
9.9 per cent out of 111 cases of large 
carcinoma, and 20 (35 per cent) cures of a 
group of small carcinomas. There were 
59 cases of large papillary inoperable 
cancer, with 7 cures (12 per cent), and 20 
cases with palliation. There were 29 cases 
with what were classed as small and me- 
dium papillary carcinomas, with 9 (31 per 
cent) cures. The 49 cases of large, in- 
operable, infiltrating carcinoma gave 4 
(8 per cent) cures, and 13 cases of pallia- 
tion. Of 9 cases with small and medium 
infiltrating carcinoma, there were 5 (55 
per cent) cures and 4 cases of palliation. 

In 1931 Pfahler presented a remarkable 
report based upon the treatment of 83 
cases of advanced, large, inoperable carci- 
noma. In this group of hopeless cases, 
15.3 per cent were well at the end of five 
years. It is impossible to overestimate the 
value of this report because such results 
followed the treatment of cases in which 
palliation was all that could be expected. 
The quality of this work and the value of 
this report are at once appreciated when 
one considers the results of surgical treat- 
ment in carcinoma of the bladder, the 
results of surgery upon early, localized, 
hopeful cases. Lower, for instance, reports 
only 7 per cent five-year cures. 





Fig. 6. Skin sutured showing drainage tubes and 
threads to radium needles. (Pfahler and Thomas.) 


In my clinics, prior to 1928, there were 
treated 63 cases with a pathologic diag- 
nosis, upon which I have a five-year follow- 
up. Of these, eight were single malignant 
papilloma, of which five (62.4 per cent) 
recovered. Two patients with multiple 
malignant papilloma died, but previously 
good palliation was noted in both in- 
stances. Two, of six cases with small anc 
medium sized papillary carcinomas, re- 
covered, and in two other cases excellent 
palliation followed treatment. In this 
group of 63, there were 11 cases with 
large, inoperable cancer, of which two 
recovered, while four experienced good 
palliation. Of 36 cases of the infiltrating 
type, four were small and medium, and of 
these, two recovered, while excellent pallia- 
tion followed in the other two. Of 32 
cases with large and inoperable cancer, 
four recovered, while good palliation fol- 
lowed in nine cases. Of the 11 cases with 
large, inoperable, papillary carcinoma and 
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the 32 cases with large, inoperable, infil- 
trating carcinoma, a total of six recovered. 


CONCLUSIONS 


1. The value of preliminary or pre- 
operative roentgen irradiation in the man- 
agement of carcinoma of the urinary 
bladder is stated, also the dosage. 

2. Intravesicular operative procedures, 
together with irradiation with radium 
element in the form of needles and packs, 
are mentioned and briefly described. The 
radium dosage is also stated. 

3. Post-radium or post-operative roent- 
gen irradiation is advised and the dosage 
is stated. 

4. The results of the treatment of 
carcinoma of the urinary bladder with 
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irradiation and electrosurgery, as stated by 
several authorities, are included, and the 
paper ends with statistics from the writer's 
own practice covering 63 treated cases 
with a five-year follow-up. 
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CASE REPORTS 


REPORT ON X-RAY TREATMENTS IN 
GAS GANGRENE CASES 


By J. J. FAUST, M.D., Decatur, Illinois 


Since reading a preliminary report on the 
successful treatment of six gas gangrene cases 
by Dr. Kelly,' and knowing of the response to 
x-ray therapy in some cases of carbuncle and 
localized infection, the writer has had the 
opportunity to observe and treat five gas 
gangrene cases, with satisfactory results in 
each instance. They are reported herewith 
to corroborate the findings. 

The technic of treatment was: 5-inch 
spark gap, 5 ma., 40 cm. distance from target 
to skin, with 0.5 mm. aluminum as a filter, 
for three minutes over each area. This ther- 
apy is such that it may be given with most 
portable machines and hence be available in 
many small institutions where radiographic 
work only is ordinarily done. 

The number of cases reported is not large, 
but the importance of the condition and the 
splendid results so far obtained make one 
feel that the information should be passed on 
for what it may be worth in other cases. 
Further study and some changes in technic of 
treatment may be developed as other cases 
are encountered. 

An explanation of the action of the x-ray is 
not definite. Recently three Stanford Univer- 
sity zoologists have reported that x-rays played 
upon nutrient fluids are deadly to protozoa by 
producing small quantities of hydrogen peroxide 
The presence of the hydrogen peroxide would 
be fatal to these anerobic organisms. Due to 
the absorption of the hydrogen peroxide the x- 
tay treatments need to be frequent to produce 
more of the gas. This is what was found to be 
necessary in some of these cases. 

Case 1. Male, age 15, while attempting to 
climb on a tractor fell underneath the plow 
which it was pulling, resulting in a compound 
fracture of the right leg. Three days later a 
cast was applied and sutures made while 
the temperature was 102° F. The next day 
the temperature had risen to 103.6°, and gas was 
seen in the tissues and on the radiograph. 
A culture was positive for B. welchit. X-ray 
treatments and serum injections were insti- 
tuted and the temperature dropped a little. 
After eight treatments, no gas was seen in the 
tissues and the temperature stayed below 
100° F. This temperature was due to the 
presence of other infection. The patient left 
the hospital at the end of the eighth week, and 





1 Kelly, James F.: The X-ray as an Aid in the Treatment of 
Gas Gangrene. RaproLocy, April, 1933, XX, 296-302. 


is now walking with the aid of crutches, and 
his leg has been saved. 

Case 2. Mrs. H., aged 66, entered the hos- 
pital in severe shock, with multiple lacerations 
on the left forearm, involving the superficial 
circulation, tendons, and nerves, as well as the 
muscles from the wrist to the elbow, due to 
an accident. The pulse was poor and the 
prognosis bad. The next day the ieft arm was 
amputated six inches below the shoulder 
because of gangrene, multiple lacerations of 
the arm and forearm, and fractures. The 
pectoral muscles on the chest were also in- 
volved. The temperature was 105.6° F. A 
culture was positive for gas bacilli and gas 
bacillus serum was given. Ten x-ray treat- 
ments were given in six days’ time and the 
temperature dropped to 99.8° F. Six and 
one-half weeks later the patient was dis- 
charged with the stump of the arm healed. 

Case 3. Mr. L., aged 72, was in an automo- 
bile accident and the skin on the forearm was 
slipped back six inches, the triceps muscle 
was lacerated, and the ulnar and radial nerves 
were exposed. A culture was positive for gas 
bacilli, and serum was administered twice. 
Six x-ray treatments were given. The patient 
was discharged after two weeks’ hospitalization. 

Case 4. Male, aged 20, was gored by a bull, 
resulting in a ten-inch laceration across the 
abdomen through the skin, subcutaneous 
tissues, and the right rectus muscle down to 
but not involving the peritoneum. The wound 
had hair, leaves, and other débris in it. There 
was also a four-inch laceration in the left 
axilla, with hair in it. The wounds were 
cleansed, muscles and fascia were sutured, 
and a rubber drain was placed in position. Gas 
in the tissues and crepitus were noted twenty- 
four hours later. Serum was given twice. 
Eight x-ray treatments on the right side 
were given, and the wound appeared almost 
well. Six days later gas and crepitus de- 
veloped on the left side, which had not been 
radiated. Three x-ray treatments to this 
area, with no serum, were sufficient. The 
patient was discharged as well ten days later. 

Case 5. Female, aged 21, had an appen- 
dectomy, bilateral salpingectomy, and right 
oophorectomy by the same surgeon who 
treated Case 4, above, the same morning. 
Since she was dressed in the wards by the same 
nurse after the operation, the direct means of 
the infection is unknown, but three days after 
the operation she had a foul-smelling discharge 
from the incision. A culture for gas bacillus 
was positive. One dose of serum was given. 
Eight x-ray treatments were given in four days 
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and the discharge and odor stopped. The 
patient was discharged on the twenty-first 
post-operative day as well. 


CONCLUSIONS 


1. All patients recovered whether the 
wound was in an extremity or not. 

2. The x-ray treatment was a definite aid to 
recovery. 

3. The serum used was supposed to be 
specific for B. welchit and B. vibrion septique, 
whereas two cases had B. clostridium tertium 
infections. Since the serum was not positive 
for this organism it may not have had any- 
thing to do with the results and the x-ray may 
have been entirely responsible for the cures. 


BOOK REVIEWS 


GRUNDLAGEN UND PRAXIS DER RONTGEN- 
STRAHLEN-DOSIERUNG: DOSISMESSUNG UND 
DOSISFESTSETZUNG. By Pror. Dr. MED. 
H.- HOLTHUSEN, Leitender oberarzt am 
Allgem., Krankenhaus St. Georg, Hamburg, 
and Dr. Mep. R. Bravn, Assistent am 
Strahleninstitut des Allgem., Kranken- 
hause St. Georg, Hamburg. A volume of 
249 pages, with 152 figures and 27 tables 
in the text and a supplementary phrena- 
phane scale. Georg Thieme, Leipzig, 1933. 
Paper: price, M. 18; bound, M. 19.60. 


The adoption of the international roentgen 
has done much to unify x-ray treatment in 
that it permits standardization and comparison 
of dosage. In the formulation of this dosage 
unit Holthusen has been an active participant. 
In the past there have come from his institute 
many studies of the interrelationship of the 
physical and biologic factors which go to make 
up a roentgen effect. These studies have been 
amplified in the present book in an attempt to 
clarify some of the puzzling mechanisms con- 
cerned in the effects of varying doses of x-ray 
acting on the body and with the effects of 
the same dose under different conditions. 
Throughout the exposition the necessity for 
exactitude in the precise determination of a 
dose of x-rays is emphasized. The authors’ 
first concern is with the physical aspects of 
dosage determinations (pages 1-84), and in 
this section they have written a thorough and, 
in fact, rather exhaustive consideration of the 
determination of quality and quantity of a 
“dose,’’ presenting their material from the 
point of view of the physician rather than from 
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COMMENT 


Should new cases be found, we may attempt 
early treatment with x-ray alone and use the 
serum only if results are not favorable in a 
reasonable time. 
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that of the physicist. The second portion of 
the book (pages 85-245) takes up the practical 
applications of the relationships between physi- 
cal and biologic effects. Of particular interest 
is the discussion of the actual measurement and 
administration of a predetermined dose of 
x-rays. In this connection the practical hints 
given by the authors for the solution of some 
common problems are well presented. The con- 
tents of this extremely well planned and ex- 
ecuted book should be thoroughly understood 
by all roentgentherapists. The authors deserve 
great credit for such a lucid presentation of 
a complicated subject. 





THERAPEUTIC USES OF INFRA-RED Rays. 
By W. ANNANDALE Troup, M.C., M.B., 
Ch.B. (St. And.), Honorary Consulting 
Electrotherapist to the Portman Hospital, 
Blandford; Honorary Physician to the 
Association of Retired Naval Officers; Mem- 
ber of the Honorary Advisory Editorial 
Board of ‘‘The British Journal of Physical 
Medicine’; Member of the Royal Institu- 
tion. With Foreword by Sir WILLIAM 
Wiiticox, K.C.LE., C.B., C.M.G., M.D., 
F.R.C.P. Second Edition. A volume of 
90 pages and 18 plates. Published by the 
Actinic Press, Ltd., London, 1933. Price, 
6 shillings and 6 pence. 


The second edition of this book became 
necessary three years after the first publica- 
tion, which shows that the medical profession 
is interested in this subject. The author, 
who has written other books on radiation 
(Ultra-violet Rays in General Practice; The 
Titanium Alloy Arc), assumes a conservative 
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He discusses 


attitude throughout the text. 
first the various sources of infra-red rays, 
methods for detection, and indications for 


treatment. This is followed by an outline of 
the technic. The combined use of infra-red 
rays and ultra-violet rays is recommended in 
certain conditions, particularly if a ‘cold 
source’ of ultra-violet rays is used. The 
application and value of infra-red therapy in 
the relief of acutely painful conditions, rheuma- 
tism and allied diseases, rheumatoid arthritis, 
paresis, sprains, and long-standing injuries 
are briefly discussed and case histories are 
frequently quoted. Illustrations of the ap- 
paratus used in infra-red therapy are shown as 
well as some demonstrations of the technic of 
treatment. In an appendix the recently de- 
veloped ‘“‘long distance photography”’ by infra- 
red rays is briefly mentioned and a few ex- 
amples of its accomplishments shown. 





NEUROFIBROMATOSE. By Pror. DR. ROBERT 
KiENBOCK and Dr. Huco ROsLeEr, Vienna. 
Fortschritte a. d. Geb. d. Réntgenstrahlen, 
Erganzungsband 42. A monograph of 52 
pages and 21 illustrations. Published by 
Georg Thieme, Leipzig, 1932. Price, 9.80 
marks. 


The paper deals with tumors of nerves, five 
of which were examined after operation and 
six others followed up in the hospital. Besides 
these, Kienbéck makes a critical examination 
of cases reported in the literature. 





107 


There are several varieties of tumors, the 
common type being multiple generalized neuro- 
fibromatosis, with tumors in nearly every or- 
gan. The large intrathoracic tumors, most of 
which are solitary and located in the posterior 
portion of the thorax, are of special interest. 
They are regular, egg-shaped, with smooth sur- 
faces and have the appearance of cysts. They 
are distinctly seen in ordinary x-ray examina- 
tion of the chest and are discovered not infre- 
quently as incidental findings. They cause 
but few symptoms, are usually located pos- 
teriorly in the apical region, but may be found 
at the hilum. They do not pulsate. Devia- 
tion of the mediastinum is found only in the 
presence of very large tumors. Diaphragma- 
tic paralysis from pressure is a rare finding. 

The diagnosis of neurofibromatosis must be 
thought of, but can be made conclusively only 
if there are additional signs, namely, typical 
lesions of the skin and cord symptoms, psychic 
disturbances, or constitutional defects. Until 
now, these tumors have been diagnosed as 
sarcomas or dermoid or echinococcus cysts. 

Similar tumors of nerves are found in various 
organs, sometimes also in the bones. The 
tumors found in the skin resemble pigmented 
warts. A secondary malignant degeneration 
may take place locally but metastases do not 
take place. Another type of nerve tumor is the 
ganglioneuroma. This is mostly solitary, of 
large size, and benign. Such tumors are also 
found in the posterior part of the thorax, but 
never accompanied by skin changes. Opera- 
tion is indicated, but only to prevent local 
pressure. 














W. Hersert McGurrin, M.D. 
President of the Radiological Society of North America 


OUR PRESIDENT 


In this issue appears a portrait of Dr. W. 
Herbert McGuffin, M.D., who took office as 
President of the Society at the joint meeting of 
September last. Dr. McGuffin has a wide ac- 
quaintance in the Society, of which he has been 
a member since 1921. Although he lives in the 
far Northwest, he attends all of the Annual 
Meetings and keeps in close touch with the 


development of the Society. His ideals for 
the Society have been high, and his work has 
ever been constructive. Socially, Dr. Mc- 
Guffin is immensely popular, and his has been 
a strong binding force in the upbuilding of our 
group. 

Now, on the threshold of his year of execu- 
tive leadership, RapIoLocy extends to him 
warm congratulations on his record, and good 
wishes for the success of his administration. 
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RADIOLOGY—ITS RELATION TO MEDICINE 


Roentgen rays, or the x-rays, at their dis- 
covery only thirty-eight years ago, were 
looked upon by the medical profession as a 
scientific revelation that would enable a surgeon 
to study a broken bone, or to locate a needle 
or a nail that was buried in tissue. These 
rays exhibited a curious phenomenon that 
might be of value in the practice of surgery. 
How could they be utilized? Doctors were 
curious, but conservative. 

Ingenious instrument-makers invented ma- 
chines; mechanical minds were discovered 
among the profession itself; but this new force 
was recognized by doctors only to the extent 
of its photographic value in revealing foreign 
elements in various parts of the body. Early 
tragedies which occurred in the handling of 
this novel agency called attention to an addi- 
tional power within the roentgen rays. Scien- 
tists studied the phenomenon. If x-rays 
destroyed healthy tissue, why, some thinkers 
suggested, could they not also destroy can- 
cerous neoplasms? Roentgenology was de- 
veloped; a new science was born. 

Three years after Wilhelm Konrad Roentgen 
discovered x-rays, Pierre and Marie Curie dis- 
covered radium. But another three years 
passed before the action of radium on human 
tissue, and its value as a therapeutic agent, 
became known—when Professor Bacquerel, of 
Paris, unwarily carried a tube of radium in his 
waistcoat pocket and suffered a severe skin 
burn. 

Through careful study of the radio-active 
properties of these two agencies, the science 
of radiology was established. 

Roentgenology and radiology had been born; 
and physicians and surgeons—first the radi- 
cals and soon also the conservatives—were 
not slow to hail them as valuable diagnostic 
and therapeutic agencies. 

From the very beginning, the clinical use of 
radium and the therapeutic employment of the 
X-rays have been in the hands of licensed 
physicians; and although a few laymen were 
Prominent in the purely technical or manipu- 
latory phase of diagnostic roentgenology, the 
development of both the technic and the clini- 


cal application was the fruit of the enthusiastic 
and unselfish, even limb- and life-endangering, 
industrious labor of physicians. These physi- 
cian-radiologists have laid their needs, and 
sometimes even the engineering plans, before 
the manufacturers, with the result that the 
latter have constantly devised improvements 
in equipment. It is a fact that most of the 
apparatus has been manufactured as a direct 
response to the expression of needs or problems 
by physicians practising radiology. 

This new science, which has been universally 
accepted by the medical profession because of 
its valuable diagnostic and therapeutic powers, 
now claims the attention of organized medicine 
for unqualified recognition as an important 
specialty. Indeed, a large measure of recog- 
nition has already been given, as there is a 
section on radiology in the American Medical 
Association and in many of the constituent 
state associations. 

But a diagnostic and therapeutic field in 
which recognized physicians only should have 
a place has been invaded by laymen and un- 
scrupulous practitioners of the healing art. 
The profession of medicine finds itself con- 
fronted with the responsibility of deciding 
who of those administering these new agents 
are worthy of recognition in the new specialty. 

In my opinion, recognition as specialists in 
a branch of medicine contemplates that the 
claimants shall present acceptable evidence, 
individually or collectively, that they are full 
graduates in scientific medicine of recognized 
medical schools, and that they are legally 
licensed to practise scientific medicine in their 
respective communities. In other words, the 
radiological specialist should be a physician who 
has at least the above qualifications. 

Fortunately, the importance of this course 
is already recognized by those who have done 
so much to develop radiology and _ roent- 
genology, as this meeting indicates. To war- 
rant recognition as specialists they realize that 
they must be graduates in medicine and scien- 
tifically trained physicians. Individuals who 
possess such qualifications already have the 
right to interpret their own findings and to an- 
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nounce their diagnoses. Others who do not 
possess such qualifications may act as valuable 
aids or associates under the guidance of quali- 
fied doctors, but naturally they cannot antici- 
pate recognition as members of a specialty in 
medicine. 

When one reflects on the great value of 
roentgenology and radiology as diagnostic and 
therapeutic aids in the practice of medicine 
and surgery, it is inevitable that their followers 
should quality as acceptable specialists of 
medicine. This fact is emphasized as we view 
this group of eminent men and their accom- 
plishments. 

Conspicuous proof of the general recognition 
of the value of radiology and roentgenology 
was recorded in the histories of the 8,840 cases 
of cancer cures of five years or more that were 
reported in October, 1932, by the American 
College of Surgeons. In 18 per cent of these 
cases, these therapeutic measures were the 
only remedy used, and in an additional 10 
per cent they were used as supplementary forms 
of treatment. 

This year’s report of cancer cures recorded 
by the American College of Surgeons, we have 
reason to predict, will show the same encourag- 
ing results. 


FRANKLIN H. Martin, M.D., D.Sc., Chicago 
Director General, American College of Surgeons 
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LETTER CONCERNING “THE VALUE 
OF A MULTI-PERFORATED SCREEN 
IN DEEP X-RAY THERAPY” 


LIBESON, M.D., “‘RaproLtocy,” MARCH, 
1933, XX, 186. 


By F. 

In the issue of RADIOLOGY as indicated above, 
Liberson has made “A Preliminary Report on 
a New Method of Delivering Multiple 
Erythema Doses without Permanent Injury 
to the Skin.” The thought and the method 
are not new. I described practically the same 
method in 1909. This was published in the 
“Journal de Radiologie’ (de la Société Belge 
de Radiologie), Tome 3, page 1585, in the 
French language, and shortly thereafter in 
the German language, in the ‘‘Fortschritte auf 
dem Gebiete der R6ntgenstrahlen.”’ ‘The title 
was “Theorie einer Methode, bisher unméglich 
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anwendbar hohe Dosen Ro6ntgenstrahlen jn 
der Tiefe des Gewebes zur Therapeutischen 
Wirksamkeit zu Bringen ohne schwere Schadig- 
ung des Patienten, zugleich eine Methode des 
Schutzes gegen R6ntgenverbrennungen iiber- 
haupt” (‘‘Theory of a Method by which a 
Therapeutic Effective Dose can be Delivered 
into the Deeper Tissues without Injury to the 
Patient, at the Same Time Furnishing a 
Method of Protection against Radiodermatitis 
Superficially’’). 

My second publication followed in the same 
year in ‘““Miinchener medicinischen Wochen- 
schrift,’’ 1909, No. 45, with the title “Zur 
Roéntgentiefentherapie mit Massendosen” 
(“Concerning Deep Roentgen Therapy with 
Massive Doses’’). 

My third publication may be found in 
“Strahlentherapie,”’ Band 1 (1912), page 12, 
with the title ‘‘Roéntgentiefentherapie mit 
Metallnetzschutz. Praktische Erfolge’’ (‘Deep 
Roentgen Therapy with Wire Netting’). 

At that time the title of my publication was 
similar to the title of the article by F. Liber- 
son, and, it may be observed, dealt with a 
similar method, at least, with the same prin- 
ciple though with modified details. The 
principle of Liberson’s method and mine is 
also briefly as follows: If one wishes to 
deliver three to five erythema doses into a 
deep-lying tumor, one is apt to produce an 
injury to the skin which is difficult or im- 
possible to heal. If, however, one _ utilizes 
a metallic mesh, or multi-perforated lead screen 
on the skin during the treatment, one may 
obtain in the perforations of the screen severe 
injury or burning, but under the metal wire 
or protected lines, the skin will remain prac- 
tically uninjured, and from these lines, or 
small protected areas, healing of the injured 
skin can take place. By this means, the ir- 
radiation of the tumor area is not thereby 
interrupted, but homogeneously irradiated 
if one irradiates on each occasion with the 
focus of the tube shifted a millimeter or a centi- 
meter in four different directions. Further- 
more, in connection therewith, I have recom- 
mended tubes with broad focus, and I have 
also stated that herewith filters may be com- 
bined. 

The fact that the same recommendations 
which I made in 1909 have also been made in 
December, 1932, indicates that the method has 
a future. ALBAN KOHLER 


Wiesbaden, Germany 
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REPLY 


To the Editor: Thank you for your kind 
letter of October 24, and the translation of Dr. 
Kohler’s communication. I regret the delay 
in answering, but before the receipt of your 
letter, 1 was entirely unaware of Dr. Kohler’s 
work on this subject, and had to get Dr. 
Kéhler’s publications translated for me _be- 
fore answering you. Now, after reading these 
translations of the articles, which he originally 
published in German in 1909 and 1912, I 
must admit that he described at that time the 
same general principle with the same goal in 
mind. Of course, he seems a bit uncertain as 
to the exact dosage he could deliver safely 
through his wire-gauze net; and he made no 
study of back-scattering, which, we know, 
limits the safe dosage by this method to four 
erythema units if the skin is to be left un- 
injured, instead of the 10 to 50 that he pro- 
poses. Furthermore, the bases for his method 
were expounded theoretically rather than 
proven experimentally. Probably all this de- 
pends upon the fact that the three years Dr. 
Kohler reported on the use of the wire screen 
were during the infancy of radiation therapy, 
when little was known of it; while the present 
author who, working independently, set out 
to study the theoretical, biological, and 
clinical phases of this principle, had the ad- 
vantage of about twenty years of progress in 
this science. 

It may be of interest to state here just how 
I first came to think of radiating numerous 
small areas through a perforator. About 1926 
I was very much interested in the treatment of 
verruce vulgaris. As is well known to every 
roentgenologist, the dose necessary to cause a 
retrogression of the growth is usually from 
three to six erythema units. In one case 
there were a great number of plantar warts, 
and, instead of treating each individual area, 
which would have taken more than one hour, 
a piece of celluloid was placed over the plantar 
surface of the foot, and each wart was marked 
out on the celluloid. The celluloid was then 
transferred to a piece of lead 1 mm. in thick- 
hess, and we cut out with a knife openings 
slightly larger than those shown on the cellu- 
loid. The lead was then replaced on the skin 
and four erythema doses were given. About 
three weeks later it was noticed that wherever 
the lead partition was over 5 mm. long, and 
less than 1 mm. in thickness, the blister which 
formed was continuous, even on the part 
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where that thickness of lead protected it from 
direct radiation. But in the areas that were 
small, less than 3 mm., and even though the 
adjoining circles or ovals met, the blister was 
not carried across from one area to the other. 
This led to the thought that if we could find 
the proper relation of the width of the lead to 
the perforated areas, we might have a method 
of administering larger doses of x-rays to deep- 
seated lesions. 

The next step in this conception was rather a 
protracted one—finding a method to study the 
back-scattering of the protected parts of the 
perforator over a phantom which would simu- 
late as nearly as possible the actual back- 
scattering on the skin at various radiation 
voltages, using the perforator. By July, 1931, 
I already had enough experimental data on 
this special way of studying back-scattering to 
permit the clinical trial of the method. I 
gave four erythema doses to the first patient, 
through the perforator, with such encouraging 
results that I was prompted to make a syste- 
matic study of the physical, biological, and 
clinical effects of various perforators and their 
reciprocals. These results were reported in 
November, 1932, at the meeting of the Radio- 
logical Society of North America. 

In conclusion, I should like to say that 
there seems to be little doubt that Dr. Kohler 
thought of the principle before I even began 
medical school, and should be given all the 
rights that come with this priority. This 
does not in the least lessen my acute and con- 
tinued interest in the method. I should like 
very much to see it given an extensive trial 
here, and will gladly continue to furnish per- 
forators and reciprocals to any roentgenologist 
who desires to make use of this method in 
selected cases of deep-seated malignancies. 

With kindest regard to Dr. Kohler and in the 
sincere hope that, with the added prestige his 
name gives the method, it will be applied more 
widely, I am 

Sincerely, 
F. Liperson, M.D. 


THE FIRST DEEP RADIUM 
THERAPY 
By WILLIAM ALLEN PUSEY, M.D., Chicago 


My attention has recently been called to the 
fact that in “The Science of Radiology,” 
authorized by the American Congress of 
Radiology, Dr. U. V. Portmann, in the 
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article on Roentgen Therapy, page 218, says 
upon the subject of early researches and 
biological effects that 


“Nicholas Senn (114), of Chicago, really founded 
deep roentgen therapy when he reported favorable 
results from roentgen irradiation of the spleen in 
patients suffering from leukemia. This latter report 
proved that roentgen rays had deep effects because 
they reduced the size of the spleen and diminished 
the number of blood cells in the circulation. Senn, 
who was a well-known surgeon, had referred a patient 
with leukemia for treatment to Allen Pusey, a derma- 
tologist and roentgen pioneer, who subsequently re- 
ported on the treatment of similar cases.” 


This (114) is a reference to a report by Dr. 
Senn, Medical Record, 1903, XLIV, 281. 

This is an historical fiction that has been 
passing for a fact now for thirty years, since 
Dr. Senn made his report. But the actual 
facts are these: 

Previous to the time of Senn’s report the 
following reports of cases of leukemia and 
pseudoleukemia, treated with roentgen rays, 
in some cases with symptomatic cure, had 
been made: 


Pusey, Jour. Am. Med. Assn., Jan. 18, 1902. 

Pusey, Jour. Am. Med. Assn., April 12, 1902. 

Hett, Dominion Med. Monthly, August, 1902. 

Dunn, Am. Practitioner and News, October, 1902. 

Childs, Med. News, January, 1903. 

Williams, in his book on “‘Roentgen Rays,” published 
about March, 1903. 


Senn’s only reports were April 18 and Aug. 
22, 1903. Thus Senn’s reports were more 
than a year after I had made the first reports 
of the use of x-rays in the treatment of leukemia 
and pseudoleukemia, and only after there 
were at least four reports by others in the 
literature on the subject. As a matter of fact, 
after my communication on this subject in the 
“Journal of the American Medical Associa- 
tion,’ Jan. 18 and April 12, 1902, and my 
demonstration of the cases before the Chicago 
Medical Society, Feb. 26, 1902, this method 
had become common knowledge and had been 
widely tried for a year before Senn made his 
report. 

I had nothing to do with the x-ray treatment 
of Senn’s cases, nor, I think, did Senn. I have 
always understood, but I do not know, that 
the suggestion to try x-rays in these cases was 
offered by one of the house staff of the Presby- 
terian Hospital, who was already familiar with 
the work that had been done with x-rays in 
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these cases, and that it was carried out in 
Senn's cases by one of the staff of the hospital. 





The Sociedad Argentina de Electro-Radio- 
logia Médica, of Buenos Aires, Argentina, an- 
nounces the following officers: Sr. Presidente, 
Sr. Dr. José Guardado; Sr. Vice-presidente, 
Sr. Dr. M. Miranda Gallino; Sr. Secretario, 
Sr. Dr. Pedro A. Maissa; Sr. Tescrero, Sr. Dr. 
Cornelio Donovan; Sr. Vocal, Sr. Dr. Eduardo 
Lanari; Sr. Vocal, Sr. Dr. José A. Saralegui; 
Sr. Director de Publicaciones, Sr. Dr. José L. 
Molinari. 





MICHIGAN ASSOCIATION OF 
ROENTGENOLOGISTS 


The sixth meeting of Michigan Association 
of Roentgenologists was held at Kalamazoo, 
Nov. 25, 1933. The program consisted of a 
symposium on Spinal Pathology, with the 
following speakers taking part: 


F. C. Kidner, M.D., Detroit, Backache of 
Extrinsic Spinal Origin. 
Harold Morris, M.D., Detroit, Urologic Disease 

as a Factor in Backache. 

H. P. Doub, M.D., Detroit, Spinal Anomalies 
Mistaken for Fracture. 

Carl Badgley, M.D., Ann Arbor, The Lumbo- 
sacral Joint. 

E. R. Witwer, M.D., Detroit, The Differential 
Diagnosis of Deformities of the Vertebral 
Body. 

E. W. Hall, M.D., Detroit, Prognosis of Verte- 
bral Body Fracture. 


The following officers for the coming year 
were elected: M. W. Clift, M.D., of Flint, 
President; F. J. Hodges, M.D., of Ann Arbor, 
Vice-president, and S. W. Donaldson, M.D., of 
Ann Arbor, Secretary-Treasurer. 


A REQUEST 

I will be grateful for the assistance of any 
one who has observed the effects produced by 
the presence of misplaced buried teeth (aber- 
rant teeth) and impacted teeth, who will help 
me gather material for an article on this subject 
to be written in collaboration with L. Monier, 
M.D., D.S., Paris. 

I will appreciate any information sent to me 
bearing upon the following points, as well as for 








al 
al 
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any reprints, clippings, or references to articles 
or books touching on the same: 


A. 


B. 


H. 


At what age and how was the tooth (or 
teeth) discovered? 

At what age was the tooth (or teeth) re- 
moved? 

Has malignancy been observed to precede 
or follow the removal of such tooth (or 
teeth) or failure to remove the same? 
What signs, symptoms, or effects—local, 
general, or special—drew attention to such 
a tooth (or teeth) or accompanied the pres- 
ence of the same? 

What method was employed to remove the 
same? 

What anesthetic was used? 

What effect, if any, did the removal have 
upon the previously mentioned signs, 
symptoms, or effects? 

Did the removal of the tooth (or teeth) 


have any effects other than those pre- 
viously mentioned? Complications? 
The sex of the patient. 
The race of the patient. 
The position of the tooth (or teeth). Any 
prints of x-ray plates or films, or tracings 
of same, or diagrams or drawings showing 
the position and relation to other teeth or 
other structures will be valuable and 
appreciated. These will be returned, if 
requested, and credit will be given for any 
material used. Please write name and 
address plainly. 

Yours sincerely, 

ALONZO MILTON NODINE, 


D.D.S. (N. Y. Univ.), L.D.S.R.C.S. (Eng.), 
L.R.C.P. (Lond.), M.R.C.S. (Eng.) 


117, The Ridgway, 


Wimbledon, 
London, S.W.19, 
England. 
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CORRECTION 


The authors of the paper entitled “Progress 372, desire to make a correction in their Table 
in the Design and Manufacture of X-ray II. It is correct as printed below. 
Tubes,” in RapioLocy for October, 1933, page 


TABLE II.—COMPARISON OF FOCAL SPOT DESIGNS WITH RESPECT TO 
INFLUENCE ON RADIOGRAPHIC FACTORS 




















All factors expressed in arbitrary units unless otherwise stated aii 
Focal Spot Design | | ; | oe ae 
| — | seg pond 
| Angle | fe) ora : 
Area | _(with | Focal | Given Radiog. a a 
of | Respect | Spot | a Speed (6) Film Remeired 
| toa _ | to Part ulm | Seat 
‘a | Line | Radio- Distance) | — 
| Normal | graphed) | (c) 
to Film) | = 84d | a 
| = s=— 
a ¢ d | /a sin | d2 L = dtan@ p=a 
1.0 | 45° 10 | 1.0 1.0 1.0 1.0 
4:0 | 45° 1.0 | 0.50 (poorer) | 4.0 (faster) 1.0 4.0 
4.0 | 45° 20 | 1.0 | 1.0 2.0 4.0 
1.0 | “a 1.0 1.4 (better) | 1.0 0.36 1.0 
2.1 20° 1.0 1.0 2.1 0.36 a | 
76 | 20° 2.75 1.4 | 1.0 1.0 7.6 
1.0 10° 1.0 | 2.0 (better) 1.0 | 0.18 1.0 
4.0 10° 1.0 1.0 4.0 | 0.18 4.0 
33.0 10° 5.7 2.0 1.0 | 1.00 33.0 
10 | 90° 1.0 0.84 (poorer) | 1.0 | large 1.0 
0.71 | 90° 1 RI pes OC 0.71 (slower) | large 0.71 





(a) In all cases it is assumed that the shape of the area of impact is such that its projection on the film is a 
circle. 

(b) It is assumed that radiographic speed is a function of area of impact and tube-part distance. This is 
true only for short exposures in which area of impact rather than heat conduction from the focal spot is the con- 
trolling factor in determining the maximum allowable tube power. 

(c) This comparison holds assuming either that the film size is limited by difference in detail over the film or 
by the actual size of the useful beam of x-rays. 
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APPARATUS 


Photographic Considerations about the Comparison 
between Roentgenograms on Film and on Paper. 
Richard Herz. R6ntgenpraxis, April, 1933, V, 260- 
266. 

Comparisons between roentgenograms on film and 
on paper are not easy matters. The author has experi- 
mented from a purely photographic standpoint and 
shows that roentgen paper cannot take the place of the 
double coated film under most conditions. Photo- 
metric registration of differences in blackening indi- 
cates that the amplitude in films is much wider; that 
is, there is much better contrast on films. The theo- 
retic considerations and the experimental work done 
by the author will be of interest to roentgenologists 
who are interested in the use of paper films. 


H. W. HeErKe, M.D. 


Comments on the Higher X-ray Voltages. Albert 
Soiland. Jour. Am. Med. Assn., Sept. 30, 1933, CI, 
1055-1057. 

There are only two institutions which have success- 
fully maintained a therapeutic voltage over 500,000 
for an appreciable time period in the United States. 
From a survey of the results of efforts in developing 
the higher x-ray voltages up to the present, one may 
accept as a fact that the shortest effective wave length 
now available corresponds to a voltage of between 
500,000 and 600,000. At these potentials, a tube 
carrying 5 milliamperes emits a radiation intensity 
that is comparable to that from approximately 500 
gm. of radium. From an economic standpoint, there- 
fore, the comparison is very largely in favor of the 
x-rays. With approximately 500 kilovolts on the 
tube, practically a 45 per cent depth dose is obtained 
with the Lauritsen tube at the level of 10 cm. from the 
surface, thus opening up a field to high voltage roentgen 
therapy not hitherto obtained. It is possible, when its 
distribution has become more generalized, that it may 
supplant the use of the large and expensive radium 
pack or radium gun, affording the opportunity to 
convert the latter into highly filtered platinum 
needles or tube applicators for interstitial use. In the 
near future radium will be employed largely for inter- 
stitial applications, and short wave x-rays for treat- 
ment from the exterior. 

To Dr. Lauritsen belongs the credit of being first 
in the field with a practical high voltage x-ray tube, 
one of which, to his knowledge, has functioned satis- 
factorily under a voltage of 1,200,000. It is this type 
of tube, an early edition of which has been in operation 
for over two years, with no serious breakdown, that 
has a record of a total number of x-ray hours unheard 
of in any tube that has ever been presented for thera- 
Peutic work. “ 

C. G. SUTHERLAND, M.D. 





BACTERICIDAL EFFECTS 


The Correlations between Changes in the Ability 
of the Reticulo-endothelial System to Absorb Dyes, 
the Bactericidal Power of the Blood, and the Mineral 
Metabolism of the Tissue in Irradiated Rabbits. Y. 
Koga. Strahlentherapie, 1933, XLVII, 201-232. 

From his experiments the author concludes that the 
ability of the reticulo-endothelial system to absorb 
dyes is increased by small doses of roentgen rays (42 r). 
The effect is noticeable one hour after the exposure. 
After larger doses (120 r) are used this effect manifests 
itself after three hours. He believes that this is another 
proof for the Arndt-Schultz law. The bactericidal 
power of the blood shows periodical fluctuations after 
irradiation of the rabbit. For these observed phe- 
nomena the mineral metabolism and perhaps the ion 
concentration of the cells is of great importance. The 
sum total of the calcium and potassium in the liver 
and spleen corresponds to the changes in the amount 
of dye deposited in these organs. 

Ernst A. PoHLe, M.D., Ph.D. 


BONE DISEASES (DIAGNOSIS) 


Osteopetrosis: Report of Case. O. B. Mayer and 
T. A. Pitts. Jour. Am. Med. Assn., July 1, 1933, CI, 
22-24. 

Osteopetrosis is commonly spoken of as ‘‘marble 
bone’’; recently it was referred to as ‘‘chalky bones.” 
The condition was first described by Albers-Schénberg 
in 1904. A total of 48 cases has been reported in the 
literature. The outstanding characteristic is generalized 
increased radiopacity of all bones due to the high 
calcium content. 

A spontaneous fracture of the femur in a girl, aged 11, 
was roentgenographed and the film showed the condi- 
tion. The girl was born after the mother had ex- 
perienced three uninduced miscarriages and a still- 
birth. The mother’s first two pregnancies produced 
normal children. During the latter months of gestation 
the mother subsisted largely on sweet milk. Because of 
suspected blindness the child was not permitted out- 
doors until early childhood and had little exposure 
to the sun’s rays. No cod-liver oil had been given at 
any time. In 1932, at the age of 17, she showed a 
marked secondary anemia. 

C. G. SUTHERLAND, M.D. 


BONE DISEASES (THERAPY) 


Roentgen Therapy of Polycythemia Rubra. H. 


Holfelder and A. Reisner. Strahlentherapie, 1933, 
XLVI, 274-290. 
In polycythemia rubra irradiation of the bone 


marrow through large areas with high doses of heavily 
filtered roentgen rays is the method of choice. The 
authors relate their experience in the treatment of 15 


cases. They first administered from 30 to 50 per cent 
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H.E.D. in from 6 to 8 single sittings at intervals 
of from 5 to 8 days. They found, however, that this 
dose was not effective, so they increased the single 
doses to from 70 to 90 per cent H.E.D. The total 
dose given amounted then to from 6,000 to 12,000 r 
in from 4 to 7 weeks. Sternum, scapula, pelvis, and 
spine were exposed. 
Ernst A. PoHie, M.D., Ph.D. 


CALCULI 


Ureteral Calculi. George R. Livermore. Am. Jour. 
Surg., May, 1933, XX, 214-222. 

The author gives a brief résumé of the etiology, 
symptoms, and treatment of ureteral calculi. He be- 
lieves that infection, stasis, and faulty metabolism 
are the chief factors in the etiology of urinary calculi. 

The symptoms of ureteral calculi vary according to 
the character of the obstruction, the degree of infection, 
and the condition of the kidneys. Eisendrath and 
Rolnick enumerate six different clinical types: (1) 
those with predominant symptoms of renal infection, 
with or without a history of pain or colic; (2) those 
in which pain is the outstanding feature; (3) those in 
which anuria is predominant; (4) those presenting 
evidence of non-infected hydronephrosis; (5) those in 
which a hematuria or pyuria without localizing signs 
is present; (6) those presenting no symptoms and latent 
cases. 

The differential diagnosis from disease of the gall 
bladder, appendix, colon, and female pelvic organs is 
at times not easy, and it is here that cystoscopy and 
the x-ray prove so invaluable. The methods dis- 
tinguishing ureteral shadows and their interpretation 
are mentioned. 

Treatment of ureteral calculi depends upon (1) the 
size, (2) the number, (3) the location, (4) the condition 
of the patient, and (5) the functional capacity of the 
kidneys. A discussion of these factors is included in 
the article. 

Dr. Livermore has devised an ingenious instrument 
for dislodging and eliminating calculi of the ureter. 

Davis H. Parpo.yi, M.D. 


CANCER (DIAGNOSIS) 


Tubelike Infiltrative Mucinous Carcinoma of the 
Rectum in a 19-year-old Patient. Charles S. Higley. 
Jour. Am, Med. Assn., Aug. 12, 1933, CI, 523, 524. 

This case is reported because of the unusual type of 
the tumor, which converted the rectum into a rigid, 
firm tube as disclosed by clinical and pathologic 
examination. A survey of the literature elicited one 
direct reference to this form of tumor and three similar 
cases, without information as to age, sex, or special 


microscopic features. The lesions extended 7, 18, and 
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in the 


20 centimeters, respectively, 
region. 

The patient was a male, aged 19, who recalled that 
six months before admission his stools were occasion- 
ally blood-streaked. Four months previously there 
had been a decrease in the caliber of the stool and some 
pain on defecation. Two weeks before admission, 
after taking some highly seasoned food, the patient 
developed severe abdominal cramps, followed by 
diarrhea, and pain in the left lower quadrant. Proe- 
toscopic examination showed a uniform narrowing 
of the lumen, while biopsy revealed mucinous carci- 
noma. After an exploratory laparotomy and colostomy, 
the patient died on the sixth day from pulmonary 
embolism. Necropsy showed a_ well-differentiated 
mucinous adenocarcinoma, with areas of anaplasia. 

C. G. SUTHERLAND, M.D. 


rectosigmoid 


The Early Diagnosis of Malignant Disease. Current 
Comment, Jour. Am. Med. Assn., July 8, 1933, CI, 
129. 

A roentgen examination may give valuable aid, 
especially when there is a suspicion of cancer of the 
alimentary canal. The roentgenograms should be 
made and interpreted by an expert radiologist after a 
conference with the clinician. This method applies also 
to the investigation of suspected tumors of bone and 
other tissues. Definite diagnosis frequently demands 
the services of a diagnostic ‘‘team,” including a clini- 
cian, a radiologist, and a surgeon. Too much reliance, 
however, is sometimes placed on the histologic ap- 
pearance of tissue removed at biopsy, and sometimes 
on the roentgen examination alone—roentgen exami- 
nation will reveal cancer of the stomach in the early 
stages in nearly every case. The precision of such an 
examination has increased so rapidly that even many 
physicians are not aware of the exactitude with which 
diagnosis can be reached. 

C. G. SUTHERLAND, M.D. 


Carcinoma of the Stomach in the First Two Dec- 
ades of Life. M.K. King. Jour. Am. Med. Assn. 
Aug. 12, 1933, CI, 520-522. 

Carcinoma of the stomach is rare in patients under 
30 years of age. Before the age of 20 it is so rare that 
those cases which have occurred have usually been 
the subject of individual reports. The author collected 
40 cases of cancer of the stomach occurring in the first 
two decades of life, the youngest an infant whose 
symptoms began on the tenth day of life and death 
occurred in the fifth week. Death in the majority 
occurred in from a few weeks to a few months, the 
mortality in the younger patients being 100 per cent. 

He reports a case of a negro youth, aged 20 years, 
with a three-weeks history of a severe burning pain in 
the upper part of the abdomen, accompanied by 
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nausea and vomiting, intermittent at first and later 
becoming almost continuous. There was a 15-pound 
weight loss in one month. He was operated on two 
and a half weeks after admission, the lesion being 
found inoperable. A gland was taken from the mesen- 
tery, microscopically examined and diagnosed carci- 
noma. The patient died three months after the onset 
of symptoms, or nine weeks after admission to the 
hospital. 
C. G. SUTHERLAND, M.D. 


CANCER (THERAPY) 


Radiation Therapy of Carcinoma of the Penis. 
Wilhelm Schloss and Franz Urbach. Strahlentherapie, 
1933, XLVI, 448. 

The authors report their experience in the treatment 
of 10 cases with carcinoma of the penis: 6 of these 
were free of symptoms at the time of report, 2 of those 
longer than 1 year, one case 6 months, 1 case 3 months, 
and 2 cases 6 weeks. Another case was improved, 
while two did not respond and one far advanced case 
died shortly after the treatment. The radium technic 
is described in detail. It is essential that a sufficient 
dose be given, with homogeneous distribution. 

Ernst A. Ponie, M.D., Ph.D. 


The Surgical and Radiotherapeutic Treatment of 
Carcinoma. Hans R. Schinz. Strahlentherapie, 1933, 
XLVII, 453. 

The author outlines in detail the indications and 
contra-indications for radiation therapy in carcinoma, 
particularly of the cervix and of the skin. Statistical 
methods are analyzed and some of the common errors 
mentioned. The limitations of electrocoagulation in 
the treatment of skin carcinoma are emphasized. The 
article is recommended for study in the original. 

Ernst A. Poise, M.D., Ph.D. 


The Role of the Radiologist in the Treatment of 
Cancer. George W. Grier. Jour. Am. Med. Assn., 
Sept. 23, 1933, Cl, 965, 966. 

The therapeutic effect of x-rays was an early ob- 
servation, and the technic was promptly and efficiently 
developed. With the advent of the Coolidge tube the 
X-ray treatment of malignant conditions of the skin 
was accepted as a superior method and, with the ad- 
vantages of accurate dosage and unlimited quantities 
of radiation which became available with the Coolidge 
tube and improved apparatus, all other methods of 
treatment have been practically abandoned. The 
scope of the method was broadened by the introduction 
of radium as a therapeutic agent, when lesions in the 


cavities of the body were added to the list of those 
which could be successfully treated. 

It is the duty of every radiologist to keep abreast 
of the progress of his specialty. He has a responsi- 
bility in the cancer problem which he cannot evade 
and a moral obligation to the people in his community 
to provide them with whatever benefits may be ob- 
tained from radiation therapy. 

C. G. SUTHERLAND, M.D. 


Carcinoma of the Cervix Not Cured by Radiation. 
Friedrich Voltz. Strahlentherapie, 1933, XLVII, 
475. 

The author studied 352 cases of carcinoma of the 
cervix which were treated by irradiation during the 
period 1921-1927 in the Women’s Clinic, University of 
Munich. Group 1 comprises operable cases and Group 
2, borderline cases. An analysis of the 50.6 per cent 
cases in Group 1 and the 73 per cent of the cases in 
Group 2 who died before the five-year period had 
elapsed, permitted certain conclusions as to the failure 
of radiation therapy. (1) The age of the patient is of 
definite influence on the final result. (2) It is essential 
to start treatment as soon as possible after the first 
symptoms appear. (3) The social status of the pa- 
tient is also of influence. (4) The importance cannot 
be over-emphasized that a minimum dose, at least, 
must be applied. (5) There is also a probability that 
the histology of the tumor has certain relations to the 
final result and that some hereditary factors play a 
role in the final outcome. 

Ernst A. PoHLe, M.D., Ph.D. 


The Curability of Cancer of the Colon, Rectosigmoid, 
and Rectum. Fred W. Rankin. Jour. Am. Med. 
Assn., Aug. 12, 1933, CI, 491-495. 

The youth of an individual is an unfavorable factor 
as compared with the less active tissue barriers of 
middle life or advancing years. The duration of the 
growth is a factor of importance. The size of the growth 
has little if anything to do with the prognosis—growths 
on the right half are usually large, ulcerating, and 
infected, whereas those in the sigmoid are the smallest, 
yet the left colonic lesions are somewhat poorer of 
prognosis than are tumors on the right half. The 
direction of growth is of considerable importance. 
Whenever cancer of the large bowel, rectosigmoid, or 
rectum takes on the appearance of a polypoid or 
adenoid-like growth and pouches into the lumen of 
the bowel, one finds a malignant condition of low or 
average grade and little or no nodal involvement. 
When the growth is a punched-out ulcer with a large 
active base penetrating toward the serosal coat of the 
bowel, one is more likely to find a higher grade of 
malignancy and a larger percentage of nodal involve- 
ment. 

C. G. SuTHERLAND, M.D. 
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CONTRAST MEDIA 


Hepatosplenography with Thorium Dioxide Sol: 
Clinical Experience with 100 Patients. Wallace M. 
Yater and Laurence S. Otell. Jour. Am. Med. Assn., 
Aug. 12, 1933, CI, 507-514. 

The authors had used this metal for roentgenographic 
demonstration of structural changes in the liver and 
spleen for nearly two years, in a large series of patients, 
without having noted any serious immediate or remote 
effects. Since the unfavorable report of the Council 
on Pharmacy and Chemistry of the American Medical 
Association they have confined the use of the metal to 
patients who do not have a reasonable chance of long 
life. 

The method has proved of value: (1) To detect 
the nature of a mass in the upper part of the abdomen; 
(2) to determine the presence and kind of hepatic 
disease (atrophic cirrhosis, hypertrophic cirrhosis, 
syphilis of the liver, metastatic malignant lesions, 
primary tumor, abscess, cyst, and amyloidosis); 
(3) to ascertain whether or not metastatic lesions are 
present in the liver if operation is contemplated for 
cancer; (4) to determine rupture of the liver or spleen; 
(5) to determine the cause of jaundice (whether intra- 
hepatic or due to obstruction of the common bile 
duct); (6) to follow the progress of hepatic or splenic 
disease; (7) to demonstrate whether a lesion is above 
or below the diaphragm; (8) to diagnose ascites; (9) 
to study diseases of the spleen. 

The method of administration and the reactions are 
discussed in detail. 

C. G. SUTHERLAND, M.D. 


CYSTS 


Congenital Air Cyst of the Lung: Report of Case. 
C. V. Croswell and J. Cash King. Jour. Am. Med. 
Assn., Sept. 9, 1933, CI, 832-834. 

Few large solitary air cysts or ‘balloon cysts’’ of the 
lung have been reported in the American literature. 
Of 108 cases tabulated by Koontz in 1925, only seven 
were of the solitary type. Twelve additional cases 
have been reported in the American literature since 
that year. These cysts are unilateral and develop 
in the left lung far more frequently than in the right. 
The authors report a case in a boy aged 3 whose 
roentgenograms showed complete absence of normal 
lung tissue on the left side. The left side of the dia- 
phragm was displaced downward and there appeared 
to be a herniation of the air sac through the anterior 
superior mediastinum, Bronchoscopic examination 
showed the left main bronchus to be stenosed by 
apparently extraneous pressure. Four thousand c.c. 
of air was aspirated, aspiration being necessary every 
Jodized oil was injected and im- 
In time, the 


four to six hours 
provement was noted within seven days. 
cystic air sac had almost completely collapsed, and the 
child’s progress has been satisfactory to date. 

Most theories postulate an embryonic defect in the 
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development of the bronchus. Histologic studies 
reveal that the walls of a cyst have the characteristics 
of a bronchiole. The developmental error may inter- 
fere with the normal growth of the alveolar tissue, 
leaving the bronchi unsupported and thus permitting 
undue dilatation. S. Smith (Congenital Cystic Diseases 
of the Lung, British Med. Jour., May 30, 1925, I, 
1005) thought sacs were formed in fetal life before the 
time for development of the alveolar tissues. A small 
congenital bronchiectatic cavity gradually grows as the 
infant breathes. At the bronchial opening is a one- 
way valve mechanism which allows air to enter the sac 
and inflate it, but does not allow a corresponding 
deflation to take place. As the cavity grows in size 
the bronchial radicle or radicles leading to it become 
more and more tortuous as they are compressed toward 
the hilus, thus increasing the interference with de- 
flation. 

The cysts, during fetal life and a variable period of 
natal life, contain fluid and do not have a patent 
bronchial connection. At a certain stage they rupture 
into one or more bronchi, whereupon the fluid contents 
are coughed up and replaced by air. 

C. G. SUTHERLAND, M.D. 


DIAPHRAGMATIC HERNIA 


Case Report of a _ Right-sided Diaphragmatic 
Hernia. Kurt Breckoff. Rontgenpraxis, April, 1933, 
V, 257, 258. 

Non-traumatic right-sided diaphragmatic hernias 
are apparently rare, since the author could find only 
two such cases in the German literature. The case cited 
was that of a 59-year-old woman who came for roent- 
genologic examination of the gastro-intestinal tract 
because of symptoms seeming to indicate a carcinoma. 
Such was demonstrated roentgenologically in the 
pyloric portion. On a film taken 8 hours after the 
barium meal, a barium-filled loop of intestine was seen 
above the diaphragm in the right cardio-phrenic angle. 
A barium enema showed a herniation of part of the 
transverse colon through the diaphragm. At opera- 
tion, the carcinoma was removed and a herniation of 
the transverse colon through the foramen vene 
cave, which admitted three fingers, was seen. The 
bowel was freed from adhesions, replaced in the ab- 
dominal cavity, and the opening in the diaphragm 
sutured. Two months after operation the patient had 
no symptoms referable to the gastro-intestinal tract. 

H. W. Herke, M.D. 


Diaphragmatic Hernia: Symptoms and Surgical 
Treatment in 60 Cases. Stuart W. Harrington. 
Jour. Am. Med. Assn., Sept. 23, 19383, CI, 987-993. 
Special roentgenologic examination in recent years 
has greatly increased the number of cases recognized, 
most of this increase being represented by the para- 


esophageal type of hernia. A large percentage of these 
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hernias affect old people with mild symptoms; in 
others, more serious disease contra-indicated surgery. 
Some of the unsatisfactory results from operative 
procedures, particularly those on the gall bladder, 
stomach, and appendix, are due to unrecognized 
diaphragmatic hernias. Examination of the diaphragm 
in the course of abdominal operations occasionally 
reveals a hernia that has not been recognized clinically 
or roentgenologically. The condition is apparently 
more common than the present records would indicate. 

Non-traumatic diaphragmatic hernias may be con- 
genital or acquired. Traumatic diaphragmatic hernia 
may be caused by an indirect or by a direct in- 
jury to the diaphragm. Operative replacement of 
the herniated viscera in the abdomen, with repair of 
the abnormal opening in the diaphragm, is the only 
treatment that insures complete relief. 

C. G. SUTHERLAND, M.D. 


FOREIGN BODIES 


Four Hundred Ninety-seven Foreign Bodies in the 
Stomach. London letter. Jour. Am. Med. Assn., 
July 8, 1933, CI, 151. 

The practice of some lunatics of swallowing all sort of 
articles is well known, but the discovery of 497 articles, 
weighing three and one-half pounds, in a man’s stom- 
ach constitutes a record. 

A farmer, aged 28, died in the County Mental Hos- 
pital following an operation. In his stomach were 
found 200 nails from one-half to four and one-half 
inches long, 36 staples, 43 phonograph needles, 6 
teaspoons, 3 table forks, 7 coins, 6 brace buckles, 3 
door keys, 3 penknives, 3 S-shaped meat hooks, 10 
safety pins, 4 sewing needles, 6 pins of ordinary type, 
13 pieces of glass or earthenware, and 9 screws. The 
medical superintendent stated the man had a delusion 
that his stomach was too smooth. Death was due to 
ulceration of the stomach, and hemorrhage. 

C. G. SUTHERLAND, M.D. 


GALL BLADDER (NORMAL AND 
PATHOLOGIC) 


Cholecystitis: Study Based on Follow-up after from 
5 to 15 Years of 200 Patients Not Operated on. J. M. 
Blackford, Robert L. King, and K. K. Sherwood. 
Jour. Am. Med. Assn., Sept. 16, 1933, CI, 910-913. 

Disease of the gall bladder is diagnosed in the 
authors’ clinic more often than any other chronic 
intra-abdominal lesion. Twelve years ago they re- 
ported that gall-bladder disease was found twice as 
frequently as peptic ulcer and gastric cancer com- 
bined, and that it was the most common organic 
cause of dyspepsia. Six per cent of all their patients 
over 20 years ago were diagnosed as having gall- 
bladder disease, yet pathologic studies indicate that 
ten times this percentage, or 60 per cent, of adults, 
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show cholecytopathies at routine autopsies. Thirty- 
seven per cent of chronic cholecystitis patients have had 
satisfactory relief over an average of more than eight 
years without operation. Forty-eight per cent of 
patients with chronic cholecystitis who were not 
ope: ated on have either had or should have had surgical 
intervention on account of continuation of symptoms. 
Fifteen per cent of patients are dead, but only 1 per 
cent died directly from gall-bladder disease. The 
patient with uncomplicated cholecystitis should be 
given a trial on medical treatment; if not markedly 
relieved promptly, he should be operated on. 
C. G. SUTHERLAND, M.D. 


GASTRO-INTESTINAL TRACT 
(DIAGNOSIS) 


Submucous Lipoma of the Cecum. H. R. DeLuca 
and Philip Henstell. Jour. Am. Med. Assn., July 
22, 1933, CI, 277, 278. 

Of the 181 cases of lipoma of the gastro-intestinal 
tract reported by Comfort in 1931, only 16 were in the 
cecum alone: of these, 12 were with symptoms and 
four were without. The two conditions most usually 
confused with cecal lipoma are appendicitis and carci- 
noma—the authors present one case giving features 
simulating both. The diagnosis is rarely, if ever, 
made before operation. 

Roentgen examination of the colon by a barium 
enema revealed no obstruction to the passage of the 
barium until it reached the first portion of the trans- 
verse colon, where it stopped at a dilatation of the bowel. 
After one hour a small amount entered the hepatic 
flexure, where there appeared to be marked infiltration 
of the wall and canalization with dilatation of the trans- 
verse colon. The opinion of the roentgenologist was 
that there existed a malignant growth which caused an 
obstruction. Operation nine days after admission 
revealed a large mass in the wall near the ileocecal 
Carcinoma of the cecum and ascending colon 
The pathologic 


valve. 
was suspected and resection was done. 
diagnosis was submucous lipoma of the cecum. 

C. G. SuTHERLAND, M.D. 


GASTRO-INTESTINAL TRACT 
(THERAPY) 


Care of Advanced Carcinoma of the Gastro-intestinal 
Tract. Frank C. Yeomans. Jour. Am. Med. Assn., 
Oct. 7, 1988, CI, 1141-1145. 

This report is on patients admitted to the New York 
City Cancer Institute, a municipal institution into 
Consequently, 
The incidence 
included 


which no patient is denied admission. 
a large field for palliation is available 
conditions 


of gastro-intestinal malignant 


stomach 622; colon 77; sigmoid 70; 


Gastro-intestinal tract cancers 


esophagus 192; 
rectum 406; anus 17. 
constituted 1,384 (13.7 per cent) of all admissions. 
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Nourishing food of high caloric value is essential, also 
good hygiene and competent nursing, together with 
rest and sufficient sleep—obtained, as necessary, by 
sedatives, analgesics, or opiates. 

In carcinoma of the esophagus, gastrostomy should 
be performed as soon as solids will not pass the stenosed 
lumen and nutrition begins to fail. This procedure is 
also followed in some cases of carcinoma of the cardia. 

In carcinoma of the stomach with obstruction, gastro- 
enterostomy, with implant of gold seeds of radon into 
the malignant area, gives a high degree of pallia- 
tion. 

Different forms of short circuiting, as indicated, are 
used in carcinoma of the colon. Colostomy and radical 
surgery give best results in carcinoma of the sigmoid. 
In carcinoma of the rectum, colostomy is beneficial 
and affords an avenue for effective irrigation. <A 
colostomy under dietary control is much less objection- 
able than is popularly believed. The wearing of a 
receptacle should be avoided, if possible. A cycle of 
high voltage roentgen therapy is frequently successful 
in checking rectal hemorrhage, sometimes even re- 
tarding the progress of the disease. When accessible, 
the tumor is treated most satisfactorily by interstitial 
seed implants inserted directly by trocar. After the 
reaction from the irradiation has subsided, the tumor 
in many instances shrinks noticeably or is held in 
abeyance; the discharge is reduced, the pain is re- 
lieved, all for varying periods. 

The preferable treatment for epithelioma of the anus 
is irradiation by intratumoral seed implants of radon. 
The palliation resulting from electrosurgery is well 
worth the effort. Subarachnoid injections of absolute 
alcohol for relief of peripheral pain has been employed 
with gratifying results in seven cases. 

C. G. SUTHERLAND, M.D. 


GYNECOLOGY AND OBSTETRICS 


The Importance of Roentgen Rays for Gynecological 
Diagnosis and Investigation. Rudolf Dyroff. Rént- 
genpraxis, April, 1933, V, 241-248. 

This is an historical review of the roentgenologic 
methods employed in gynecology and obstetrics. 
The value of these methods for modern gynecology is 
evaluated and the indications for special procedures 
(pneumoperitoneum, hysterosalpingography, the com- 
bination of both, etc.) are given. The author has 
investigated two new methods, which are as yet in the 
experimental stage, but may in the future be of some 
diagnostic value. The first is the filling by thorotrast 
of the blood vessels of the female genital organs, 
which are shown on roentgenograms, if films are taken 
during or directly after the injection. It may help in 
the differentiation of early pregnancy, tubal pregnancy, 
for demonstration of the seat of the placenta (placenta 
previa), and for the showing of sites of tumors. As 
yet the injection is difficult, but the author hopes 
to perfect it. Another method is the infiltration of the 
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pelvic tissues with thorotrast, the attempts being 
primarily of a therapeutic nature. It was shown that 
carcinomatous metastases, for instance, showed filling 
defects and could be differentiated from a normal or 
inflammatory parametrium. If the contrast material 
was injected into the tumor tissue itself, it remained in 
the tumor tissue only. The author is of the opinion that 
this method, after it has been perfected, will be of great 
help for the diagnosis of parametritis and carcinomatous 
metastases. 

Hysterography by injection of contrast material 
into the uterus is not a method of diagnosing early 
pregnancy, because there is always the danger of 
abortion. A flat film of the abdomen allows in most 
cases a diagnosis of pregnancy after the third or fourth 
month. Death of the fetus may sometimes be diag- 
nosed in roentgenograms by an atypical curve of the 
spine and displacement of the bases of the skull. 
Twins and triplets can be diagnosed, also congenital 
anomalies of the skeleton. The position of the fetus 
and the relative size of its head may be shown, es- 
pecially well on lateral stereograms. The _roent- 
genologic diagnosis of type and degree of contracted 
pelvis is of great importance. Three methods are at 
present available for correct pelvic measurements 
(Martin’s, Guthmann-Dyroff’s, stereograms). Guth- 
mann-Dyroff’s method is a simple and inexpensive one, 
giving a correct measurement of the conjugata vera. 
However, for the correct understanding of size- of 
pelvis and size and position of the fetal head, lateral 
stereograms are necessary, according to Dyroff. The 
roentgen ray has also contributed considerably to the 
knowledge of physiology of the female genital tract 
(peristalsis of tubes, changes in tone and motility by 
ovulation, etc.). 

H. W. HerKke, M.D. 


Pneumonococcic Infection of the Sacro-iliac Joint 
Complicating Pregnancy: Treated by Radical Re- 
section of the Ilium. Fremont A. Chandler. Jour. 
Am. Med. Assn., July 8, 1933, CI, 114-116. 

Acute pyogenic infections of the sacro-iliac joints 
have long been recognized as severe menaces to life. 
The extension into the fascial planes of the pelvis and 
the development of an osteomyelitis of the ilium or 
sacrum is to be anticipated. In a review of the litera- 
ture since 1860, no case of pneumococcus infection of 
the sacro-iliac joint was found, nor reference to such 
an infection complicating pregnancy. 

The author reports two cases. The first, a woman, 
aged 20, complained of pain in the right leg of two 
days’ duration following an abortion 16 days before. 
Lateral compression of the iliac crests caused ex- 
cruciating pain in the region of the right sacro-iliac 
joint. Roentgenograms showed some thinning of the 
joint space and some lack of bone definition. An 
exploratory needle inserted into the inferior aspect 
elicited pus. 

The second was a woman, aged 28, in the eighth 
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month of her second pregnancy. Lateral compression 
of the iliac crest caused severe pain in the left posterior 
buttock. Roentgenograms failed to reveal pathologic 
changes in the region of the sacro-iliac joint because of 
the overlying fetal head. Aspiration was negative 
in results. Eleven days later roentgenograms showed 
definite evidence of a destructive process involving the 
lower left sacro-iliac joint. Six days later an abscess 
overlying the sacrum and region of the ilium adjacent 
to the sciatic notch was drained and a block of ilium 


was removed. 
C. G. SUTHERLAND, M.D. 


HEART AND VASCULAR SYSTEM 


The Radiology of Heart Disease. John Parkinson. 
British Med. Jour., Sept. 30, 1933, No. 3795, pp. 591-— 
594. 

In the modern diagnosis of cardiovascular disease, 
radiology has taken an important and essential place 
comparable with that of electrocardiography. The 
sphygmomanometer, the electrocardiograph, and x- 
rays represent the current demand for precision, for 
thereby many fallacies inherent in the personal factor 
are eliminated. 

The heart is a rounded organ hanging in a rounded 
thorax, and the old scheme of it as a flat solid applied 
to the anterior chest wall is inconsistent with our 
modern conception of it as a three-dimensional struc- 
ture. Percussion thus gives a rough idea of the trans- 
verse width of the heart in a single plane and that only 
under favorable conditions. Obesity and emphysema 
increase the difficulty of determining the size, shape, 
and position of the heart. 

The heart is well placed for inspection by x-rays, 
surrounded as it is by translucent lung, and we have a 
vivid method of applying anatomy and morbid anatomy 
to the study of the heart in living patients. The 
author stresses the great importance of studying 
carefully and knowing thoroughly the many variations 
of the normal heart in all positions. 

In the radiological examination of the heart, the 
routine anterior film alone is often inadequate. The 
author suggests radioscopy in the anterior and both 
oblique positions, to be followed by teleradiograms in 
the anterior and left oblique, with or without the right 
oblique. The visualization of the esophagus often 
helps in determining enlargement of the left auricle. 
The shape of the heart is considered of more importance 
than its size. It is more useful to decide whether the 
heart is misshapen by pathological change than whether 
it is enlarged as a whole. 

The true value of radiological examination of the 
heart is realized in the study of mitral stenosis. It is 
now accepted that, after the characteristic murmur, 
particular enlargement of the left auricle, as seen in the 
tight oblique position, is the surest sign of this dis- 
ease. 
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In aortic incompetence, enlargement of the left 
ventricle is the conspicuous feature. If the aorta is 
sufficiently widened or aneurysmal, the syphilitic 
etiology of the lesion will be suggested. 

Congenital malformations may be more frequently 
distinguished from rheumatic heart disease in young 
children. In most cases of goiter no cardiac enlarge- 
ment may be present. In more advanced cases gen- 
eralized enlargement of the cardiac shadow results. 
Other conditions which may be noted in the radiological 
examination while studying the heart are as follows: 
Pulmonary disease, intrathoracic tumors, intra- 
thoracic goiter, and hydrothorax. 

J. N. Anfé, M.D. 


Radiology in Heart Disease. Peter Kerley. British 
Med. Jour., Sept. 30, 1933, No. 3795, pp. 594-597. 

The author considers simple screening as the most 
important method of x-ray examination of the heart. 
Orthodiagraphy, teleradiography, and kymography 
are additional methods. The oldest of these is ortho- 
diagraphy, which employs only the central ray. Ac- 
curate measurements may be made on the tracings 
obtained. Teleradiography has many advantages over 
orthodiagraphy but is a more expensive method. 
Kymography, which is the most recent method, makes 
use of a fine slit, fixed over the border of the heart. 
The x-rays are projected through this slit, and a film 
is made on which is recorded a zigzag image representa- 
tive of the pulsations of the heart. 

The x-ray appearance of the normal heart varies 
with the age, sex, and habits of the patient. In the 
average adult the heart shadow is of the so-called 
oblique type, its transverse diameter bearing a relation 
to the chest width of 1 to 2. This ratio is known 
as the ‘‘heart-lung coefficient.’”” The right border 
of the normal heart shadow is formed by the right 
auricle, which is separated from the shadow of the 
ascending aorta by a well-defined notch. The left 
border is formed partly by the edge of the left ventricle 
and partly by the edge of the appendage of the left 
auricle. The latter is separated by a notch from the 
shadow of the pulmonary artery. The popular idea 
that a notch separates the ventricular shadow from the 
auricular one is erroneous. The two shadows merge 
together imperceptibly and it is only when the heart 
is diseased that they appear as separate entities. 

The situation of the diaphragms rather than the 
shape of the bony thorax appears to be the chief 
factor in the production of the so-called small heart. 
When for any reason the diaphragm is depressed 
the heart rotates slightly to the right and forward, and 
consequently appears smaller on the radiograph. 
The author has made some observations and has found 
that a woman, who normally has a small heart, has a 
transverse and apparently wide heart during the last 
two months of pregnancy. The alteration occurred 
with the elevation of the diaphragm, and about six 
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weeks after delivery the diaphragm was back in its 
normal position and the heart again appeared to be 
small. The author further believes that the small 
heart associated with chronic pulmonary tuberculosis 
is the result of rotation of the heart to the right, 
following the depression of the diaphragm by compen- 
satory emphysema, and not the result of atrophy of 
the heart muscle. 

A differential x-ray diagnosis of the cause of cardiac 
enlargement is not possible unless the enlargement is 
associated with some definite alteration in the shape 
of the heart or great vessels. The most characteristic 
alterations in the shape of the heart are produced by 
congenital and valvular disease. Nearly all congenital 
lesioes with an admixture of the venous and arterial 
streams show enlargement of the pulmonary artery, 
which appears as an additional bulge on the left border 
of the heart just below the aortic knob. 

Coarctation of the aorta reveals itself radiographi- 
cally by enlargement of the left ventricle, disappearance 
of the shadow of the aortic knob, and visible erosion 
of the lower borders of the ribs due to the dilatation of 
the intercostal arteries forming a collateral circulation. 
A left oblique view may reveal the actual stenosis. 

Aortic regurgitation and mitral stenosis cause typical 
alterations in the shape of the heart shadow. In a 
well-established case of mitral stenosis the right border 
of the heart shadow is unaltered, and the left border 
shows a small aorta, a large pulmonary artery, and an 
extra bulge caused by enlargement of the appendage of 
the left auricle. The enlarged left auricle may result 
in displacement of the esophagus. The normal angula- 
tion at the bifurcation of the trachea may be increased, 
and result in hemoptysis from pressure. 

Passive hyperemia of the lungs caused by mitral 
stenosis or heart failure gives remarkable and varied 
x-ray appearances. In the early stages there is noted 
a generalized loss of translucency and marked increase 
in the density of the vascular shadows. The hilar 
shadows are enlarged and the movements of the dia- 
phragms are restricted. The loss of translucency is 
due to compression of the alveoli by the distended 
capillaries, and the enlarged hilar shadows and coarse 
vascular markings result from distention of the pul- 
monary vessels. If the hyperemia becomes chronic, 
the loss of translucency is more marked, and the 
vascular strie in the lungs become still coarser and 
wider because the perivascular lymphatics now show 
up. Certain cases of chronic hyperemia give rise to 
a miliary appearance in the lungs. These miliary 
spots, which are scattered all over both lungs in chronic 
hyperemia, are caused partly by dilated capillaries 
seen end-on and partly by exudation of heart-failure 
cells into the alveoli. A severe attack of passive 
hypermeia always leaves permanent radiological 
evidence behind it. The interlobar pleura remains 
thickened, and the shadows of the perivascular lym- 
phatics persist as fine, sharp lines, most marked at the 
bases and near the hila. 

J. N. An&é, M.D. 
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LEAD POISONING 


Lead Poisoning in Children. Charles F. McKhann 
and Edward C. Vogt. Jour. Am. Med. Assn., Oct. 7, 
1933, CI, 1131-1135. 

Lead poisoning in infants may follow the prolonged 
use of lead nipple shields; the use by the mother of 
face powder containing lead; the ingestion of water 
containing even small quantities of lead; the inhalation 
of lead fumes in cases in which storage battery casings 
are used as fuel; most frequently from the ingestion 
of lead as paint on articles the child puts in his mouth. 
Children appear to be more susceptible to severe 
intoxication than adults. Early symptoms are dis- 
turbed function of the gastro-intestinal tract and 
manifestations of anemia. More serious symptoms 
are peripheral neuritis and encephalitis. 

Among the most useful aids in diagnosis are the zones 
of increased density at the growing ends of long bones 
and at the margins of the flat bones. These lines at 
the metaphyseal margins of the long bones are of 
greater density and width than usually seen in haleing 
rickets and accompanying Vitamin A deficiency. 
Spectroscopic examination of the cerebrospinal fluid 
or the blood will confirm the diagnosis very early. 
Quantitative determination of lead in the excreta, 
properly appraised, is acceptable as evidence. 

C. G. SUTHERLAND, M.D. 


THE LIVER 


The Color of the Urine following Roentgen and 
Radium Treatment. K. Herold and Hans Meissner. 
Strahlentherapie, 1933, XLVII, 291-308. 

After administration of x-ray deep therapy the ex- 
cretion of dyes in the urine is definitely increased. 
While this increase touches only the upper limit of the 
normal, this is exceeded considerably after exposure 
to radio-active substances. In both cases the increase 
lasts only a short period, a fact which may be explained 
by an injury to the liver or by an increased decomposi- 
tion of erythrocytes. 

Ernst A. Pouie, M.D., Ph.D. 


PROTECTION AGAINST RADIATION 


A Simple Ionometer for the Measuring of Protection 
in X-ray Laboratories. Kurt Leistner. Strahlen- 
therapie, 1933, XLVIT, 551. 

This is a description of a specially constructed 
ionometer to permit determination of the amount of 
exposure received by the personnel in x-ray laboratories. 
It is possible, for instance, to carry a small ionization 
chamber in the pocket for a certain length of time and 
then determine the amount of r received during this 
interval. 

Ernst A. Poatr, M.D., Ph.D. 
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RADIATION EFFECTS 


The Leukocyte Drop following Exposure to Very 
Soft Roentgen Rays. E. Wilhelmy and Ning Yii. 
Strahlentherapie, 1933, XLVII, 531. 

Bucky has stated that, following the application of 
5 per cent H.E.D. over 1 sq. cm. field, using roentgen 
rays produced at 6 K.V., with exposure time of 0.25 
minute, there occurs a definite drop of the leukocytes. 
The authors studied this problem in 38 cases (6 K.V., 
half value layer in Al 0.02 mm., 300 r, 6 x 6 cm. field). 
Very careful counts did not reveal changes in the 
number of leukocytes beyond the normal fluctuations. 
Since the studies were undertaken in normal individuals, 
the authors state that it is possible that, under patho- 
logic conditions, a definite reaction may occur. 

Ernst A. PoHLe, M.D., Ph.D. 


Roentgen Epilation of the Heads of Children for 
Mycotic Diseases of the Hair. H. T. Schreus. Ro6nt- 
genpraxis, April, 1933, V, 253-257. 

It is well known that a rational therapy of mycotic 
infection of the hair depends on epilation. Mechanical 
epilation is usually not sufficient. Roentgen epilation 
marked progress in the treatment of this disease, 
because, not only is it painless, but it also leads to an 
atrophy of the follicle and papilla, which lasts a few 
weeks. The epilation by means of roentgen rays is 
even to-day not an easy and harmless task: in the 
author’s opinion it is one of the most difficult tasks 
in roentgen therapy. 

Irradiation of the head from three fields (two lateral 
and one posterior) is practised by him. Keeping 
unruly children quiet for a considerable length of 
time is often difficult: occasionally narcotics have 
to be used. Too highly filtered rays should not be used 
for epilation. He recommends 90 K.V.,° filtered by 
0.6 mm. Al (only occasionally 1 to 2 mm. Al), the 
dosis necessary for epilation being from 350 to 375 r. 
An erythema does not occur after this amount of 
irradiation, but the epilation lasts about six weeks. 
Unfiltered rays are much more dangerous to the skin. 

For measuring the dose, ionization chambers are to- 
day essential. Areas of permanent alopecia must 
make one suspect error in technic; large areas of 
alopecia must always be so attributed. In these cases 
telangiectasis, atrophy, and pigmentation of the skin 
are other evidences of it. Only an expert should under- 
take epilation by roentgen rays. As after-treatment 
the author recommends a tincture of iodine (from 1 to 
2 per cent), applied daily, and sulphur paste (from 15 
to 20 per cent), with salicylic acid (from 2 to 3 per cent). 
A second roentgen treatment should never be given 
until six months have passed. 

In about 30 per cent of the cases the epilation is 
unsatisfactory, and thallium is used. The latter is 
used also in children under three years of age: in their 
cases, a combined thallium and roentgen epilation is 
Suggested. It seems that one can get a good epilation 
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if he uses a little more than half of both these factors; 
that is, about 4.5 mgm. per kilogram of body weight 
of thallium and from 175 to 200 r per field. 

H. W. HeErKe, M.D. 


RADIATION INJURIES 


Late Reactions on Human Skin following Roentgen 
Exposure Thirty-six Years Ago. Leopold Freund. 
Strahlentherapie, 1933, XLVII, 88. 

The author reports three interesting cases, showing 
late reactions following roentgen exposure. The first 
patient is the individual with Naevus pigmentosus 
piliferus upon whom roentgen rays were used thera- 
peutically for the first time in history. He was five 
years old at that time and was treated over the neck 
and the lumbar area. Examination this year showed 
that epilation had been permanent but there was also 
an ulcer 3 X 5 cm. at the site of the previous scvere 
acute roentgen reaction produced at the time of treat- 
ment. In another case, roentgen epilation was carried 
out in a woman because of superfluous hair in the chin 
and both cheeks. Re-examination thirty-two years 
later showed absence of hair and no sign of atrophy, 
pigmentation, or other changes due to irradiation. 
The author feels that, in view of this observation, one 
should reconsider the epilation by roentgen rays for 
cosmetic purposes with the help of our modern dosage 
instruments. In a third case, treated in 1899 because 
of favus in the scalp, there were several areas of alo- 
pecia left, corresponding to the site of the original 
lesion. 

Ernst A. PoHLeE, M.D., Ph.D. 


RADIATION SICKNESS 


The Pathogenesis of Roentgen Sickness. 
Willms. Strahlentherapie, 1933, XLVII, 503. 
In a previous paper the author reported that choles- 
terol in the serum changed under roentgen exposure. 
There were definite correlations between cholesterol 
content and x-ray sickness. In the present article 
it is shown that in cases of x-ray sickness the acetone 
in the blood as well as the 8-oxybutter acid are definitely 
increased. The amount of increase is dependent upon 
time and applied dose. It is at a maximum after irra- 
diation of organs well supplied with blood. 
Ernst A. Poui_t, M.D., Ph.D. 


Elisabeth 


RADIUM 


Permanent Sterilization by Radium. P. Jonen. 
Strahlentherapie, 1933, XLVII, 309-321. 

Permanent sterilization by roentgen rays is obtained 
by a complete destruction of the ovarian function; 
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secondarily there is an atrophy of the intra-uterine 
mucosa. Following intra-uterine radium application 
permanent sterilization is due to a direct effect on the 
endometrium, combined with an injury of the ovarian 
function. This disturbance of the latter is a necessity 
in the case of roentgen treatment but not necessary if 
radium is used. In order to reduce the menopausal 
symptoms the author suggests that one may pull 
the uterus downward during the time of radium appli- 
cation in order to decrease the dose effective in the 
ovaries. He has tried this method in eight patients, 
but, since the period of observation has been only eight 
months, he cannot make definite statements as to its 
efficacy. 
Ernst A. PonLe, M.D., Ph.D. 


ROENTGEN RAYS 
(MEASUREMENT) 


Measuring the Quality of Roentgen Rays. H. 
Holthusen and R. Braun. Strahlentherapie, 1933, 
XLVII, 263-273. 

In Germany the half value layer in aluminum and 
copper has been generally accepted as the quality factor 
in x-ray therapy. The International Congress in Paris 
(1931) also adopted it. A number of investigators, 
particularly in the United States, do not agree with 
this resolution, and Holthusen outlines in this article 
all points in favor of the half value layer. 

Ernst A. Pou_e, M.D., Ph.D. 


SCURVY (INFANTILE) 


Roentgenographic Visualization of Subperiosteal 
Hemorrhage in Infantile Scurvy. Waldo E. Nelson, 
William M. Doughty, and A. Graeme Mitchell. 
Jour. Am. Med. Assn., July 1, 1933, CI, 14-17. 

Increased density at the end of the diaphysis, in- 
creased density around the epiphyseal centers (rim- 
ming of the nucleus of ossification in the epiphysis), 
ground-glass appearance of the shaft of the diaphysis 
and of the body of the epiphysis, thinning of the cortex 
of the diaphysis, lateral spurs at the end of the dia- 
physis, and epiphyseal separation (separation of the 
metaphysis) can usually be seen on the roentgenogram 
before the occurrence of subperiosteal hemorrhage. 
Kato believes that the last mentioned is the one sign 
that is absolutely unique in infantile scurvy. While 
not, therefore, an early or even a necessary sign of 
scurvy, subperiosteal hemorrhage is more character- 
istic than any other. The inner surface of the perios- 
teum is frequently lined with newly formed bone 
which, in the course of healing, becomes heavier 
and is readily observed in the roentgenogram, This 
periostitis ossificans may result in the clot being 
surrounded by a perfect shell of bone, with bony 
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columns penetrating the deeper layers. As healing 
takes place, the hematoma gradually becomes organized 
and calcification sets in. Unless serial roentgenograms 
are taken after treatment, subperiosteal hemorrhage 
may be entirely overlooked. 

C. G. SUTHERLAND, M.D, 


SILICOSIS AND 
PNEUMONOCONIOSIS 


Silicon Dioxide Content of Lungs in Health and 
Disease. William D. McNally. Jour. Am. Med. 
Assn., Aug. 19, 1933, CI, 584-587. 

The normal lung contains 1.13 mg. of silicon dioxide 
per gram of dried tissue. The lungs of tuberculous 
subjects contain somewhat more of silicon dioxide 
than do those of normal persons; some of this may 
come from inhalation or directly from the blood 
stream, as the blood of tuberculous subjects contains 
more silicon dioxide than does that of normal persons. 
All clinical observations have shown that a silicotic 
patient is particularly liable to fall a victim to a 
tuberculous infection and that the silicotic process 
continues to advance after complete withdrawal from 
exposure. During life, the diagnosis of silicosis de- 
pends on the history, clinical examination, and roent- 
genographic evidence of the disease. Many times the 
roentgenograms are not decisive, so that the diagnosis 
of silicosis, tuberculosis, or tuberculo-silicosis is not 
made with certainty. At autopsy the doubt may still 
linger and it is then that a chemical examination for 
the quantitative determination of silicon dioxide aids 
one in arriving at the correct diagnosis. 

C. G. SUTHERLAND, M.D. 


Etiology of Silicosis. A.J. Lanza. Jour. Am. Med. 
Assn., Aug. 19, 1938, CI, 583, 584. 

Silicosis is a disease due to breathing air containing 
silica (SiO,), characterized anatomically by generalized 
fibrotic changes and the development of miliary nodula- 
tion in both lungs. Clinically it is characterized by 
shortness of breath, decreased chest expansion, lessened 
capacity for work, absence of fever, increased suscepti- 
bility to tuberculosis (some or all of which symptoms 
may be present), and by characteristic x-ray findings. 
Committees of the American Public Health Association 
adopted this definition. The primary cause is free 
silica, inhaled in the form of dust, the dust particles 
being not less than 10 microns in their greatest di- 
ameter. Most of the dust penetrating the alveoli is 
less than 5 microns in diameter. A technic has been 
defined and standardized by the United States Public 


Health Service for sampling and counting. Dust 
concentrations are measured in terms of million 


particles per cubic foot. 
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Silicosis develops slowly, the rate of development 
depending largely on the dosage of silica, and this 
in turn is determined by three variables—the amount 
of dust in the inspired air, the amount of silica in the 
dust, and the extent of the exposure. 

Certain substances present in silica-containing dust 
but not in combination with the silica, may advance or 
retard the development of silicosis. The presence of 
clay and other inorganic substances has been stated to 
prevent the development of silicosis, while in other 
instances certain alkalies are credited with greatly 
speeding up silicosis. The distinguishing characteristic 
of silicosis is the extraordinary susceptibility to tuber- 
culosis which it induces in its victims. When a tuber- 
culous infection is implanted on a silicotic lung, it 
intensifies and accelerates the formation of fibrotic 
tissue, and the pathologic vicious circle thus set 
up may continue for some time before the infection 
becomes clinically manifest. Pre-existent pulmonary 
disease, especially tuberculosis and pneumonoconioses 
other than silicotic, tend to hasten and aggravate the 
development of silicosis. Syphilitics develop silicosis 
more quickly and the disease runs a more rapid course. 
Negroes contract silicosis in a shorter time, with a 
quicker fatal termination, than do white men. Sand- 
blasting offers a most serious hazard, and foundries 
and potteries contribute their quota of cases, as do 
processes involving grinding and vitreous enameling. 

C. G. SUTHERLAND, M.D. 


The Clinical Manifestations of Silicosis. R. R. 
Sayers. Jour. Am. Med. Assn., Aug. 19, 1933, CI, 
580-583. 

The disease has been divided, both in South Africa 
and the United States, into two classes: simple 
silicosis and silicosis plus tuberculosis, or tuberculosis 
with silicosis. Simple silicosis is further divided (for 
convenience of description and possible compensation 
purposes) into three stages: first, second, and third 
stage silicosis. In South Africa and in Ontario they 
are defined by law as anteprimary, primary, and sec- 
ondary. 

The earliest specific indication of the presence of 
silicosis is the radiographic appearance, consisting of 
generalized arborization throughout both lung fields, 
with more or less small, discrete mottling. This 
mottling is due to shadows cast by the discrete indi- 
vidual nodules of fibrous tissue in the lungs. 

In the second stage there is a generalized medium- 
sized mottling through both lung fields. The shadows 
of the individual nodules are for the most part discrete 
and well-defined on a background of fibrous arboriza- 
tion, but there may be here and there larger but 
limited opacities due to irregular pleural thickening or 
toa localized aggregation of nodules. 

The radiographic appearances in the third stage are 
further accentuated, the mottling is more intense, 
and the nodules are larger and take on a conglomerate 


form, so that large shadows are shown corresponding 
to areas of dense fibrosis. 
C. G. SUTHERLAND, M.D. 


Cancer of the Lungs among Uranium Miners. 
Prague letter, Jour. Am. Med. Assn., Aug. 19, 1933, 
CI, 618. 

The lung cancer of Joachimstal continues to attract 
attention. The disease was known for many years 
among the miners in Schneeberg in Saxony but was 
described only a few years ago among the miners of 
the uranium mines in Joachimstal, from which radium 
is being produced. A commission was set up by the 
Czechoslovakian government to investigate this 
disease and its work was endowed by a grant from the 
president of the republic. The committee ascertained 
that this disease has been prevalent for many years 
in this mine but was not diagnosed as such, the high 
mortality among the miners being attributed to 
tuberculosis. It was found that half the deaths among 
the miners of Joachimstal can be attributed to cancer 
of the lungs. The disease appears among the miners 
only after many years of work in this region and the 
average age of those who die of lung cancer does not 
differ materially from that of those who die of other 
causes. The average age of both these groups is about 
53 years. The investigative work of the committee 
was hampered by the attitude of the miners and their 
families, who refused to submit to periodic examinations 
and necropsies in case of death. To obviate this, a 
special ministerial decree was issued which authorizes 
the chief physician of the miners’ insurance to enforce 
a physical examination of the miners. A_ special 
bonus is given to the family of a miner who has died 
of lung cancer in order to obtain consent for a necropsy. 
The disease has been put on the list of the occupational 
diseases that fall under the workmen’s compensation 
act. Besides this, a special law is being prepared in the 
ministry of health which will regulate the preventative 
measures during the process of fabrication of radium 
and during its use for therapeutic purposes. 

C. G. SUTHERLAND, M.D. 


The Pathologic Reaction in Various Pneumono- 
conioses. Leroy U. Gardner. Jour. Am. Med. Assn., 
Aug. 19, 1983, CI, 594-598. 

The forms produced by pure chemical substances 
tend to fall into three categories: predominantly 
linear, nodular, or diffuse in character. A linear 
pattern characterizes the general type of response to 
most inhaled inert foreign materials. Nodular lesions 
are apparently confined to silicosis, while diffuse re- 
action is exemplified in asbestosis. Mixed patterns 
are produced by dusts such as granite, which is com- 
posed of several different elements. The stages in the 
reaction to these well-known dusts are analyzed in an 
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attempt to explain the variations in the resultant 
pathologic picture. This can be done most concisely 
by considering in turn the various anatomic structures 
involved. 

The processes of phagocytosis, lymphatic elimination, 
and involvement of the lymphoid tissue and pulmonary 
parenchyma are discussed in detail, as is the subject of 
mixed dusts. 

C. G. SUTHERLAND, M.D. 


Roentgenologic Aspect of Pneumonoconiosis and its 
Differential Diagnosis. Henry K. Pancoast and Eugene 
P. Pendergrass. Jour. Am. Med. Assn., Aug. 19, 
1933, CI, 587-591. 

Pulmonary fibrosis is the essential and character- 
istic feature of pneumonoconiosis in general, but in 
reality this is the terminal effect. Intermediate changes 
are of very considerable importance—those histologic 
changes which are the result of phagocytosis of dust 
particles and their introduction into the lymphatic 
system of the lungs. There is another industrial type 
in which the presence of asbestos bodies and their 
obstructive tendencies in the terminal air passages 
and the probable resulting minute atelectases are 
responsible for an important part of the clinical and 
pathologic features of the condition. Similar bodies 
have been found in the lungs of anthracotic individuals. 
The processes of cell proliferation and infiltration, 
lymph block, cell necrosis, and the factors in pre- 
disposition to infections must be given due considera- 
tion. 

The first stage may closely simulate passive conges- 
tion as a result of cardiac decompensation, or associated 
with coronary thrombosis; advanced bilateral bron- 
chiectasis; asthma; infiltrating or permeating malig- 
nant metastases; polycythemia or erythremia, or 
mycotic infections. 

The early interstitial stage must be differentiated 
from a tuberculous pneumonic process in the rapidly 
developing cases, an interstitial pneumonitis, or 
bronchosinusitis or rheumatic pulmonitis. 

The nodular phase may be simulated by tuberculosis 
of the perinodular silico-tuberculosis type, tuberculous 
bronchopneumonia, miliary tuberculosis, nodular meta- 
static malignant conditions of the lungs, actinomyco- 
sis, sporotrichosis, or leptothrix infection. 

The advanced diffuse, or terminal fibrotic, stage is 
to be differentiated mainly from chronic diffuse tuber- 
culosis or, occasionally, from mediastinal tumor. 

The authors have seen three cases of primary 
bronchogenic carcinoma in association with pneumono- 
coniosis. 

C. G. SUTHERLAND, M.D. 


THE SKIN (THERAPY) 


Studies of the Effects of Roentgen Rays on the Skin 
in Rabbits. F. Ellinger. Strahlentherapie, 1933, 
XLVII, 517. 
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The author has studied extensively the effect of 
roentgen rays (100 K.V., 6 ma., 2 mm. Al, half value 
layer in copper 0.16 mm.) on the ear of rabbits. The 
reaction, divided into four stages, is similar to that in 
human skin but is not identical with erythema or 
pigmentation. From 1,500 to 2,000 r are required to 
produce an erythema with epilation. It is concluded, 
therefore, that the skin of rabbits has 2.5 times the 
tolerance of human skin for roentgen rays. The 
author believes, therefore, that this can be used as a 
basis for transferring the results of animal experiments 
to human biology and pathology. 

Ernst A. PoHie, M.D., Ph.D. 


THE 


Diagnosis and Treatment of Injuries of the Head. 
Walter E. Dandy. Jour. Am. Med. Assn., Sept. 2, 
1933, CI, 772-775. 

Roentgenograms of the skull are of almost no service 
in acute injuries of the head; they are a waste of 
money, a misdirection of diagnostic effort, and only 
too frequently, if transportation is required, a critical 
tax on a seriously ill patient. It is only in the better 
disclosure of depressed fractures of the skull—-the one 
most important concern in the bone—that x-rays are 
helpful, but even here inspection and palpation are 
almost as satisfactory. 


SKULL (THERAPY) 


C. G. SUTHERLAND, M.D. 


THE SPINE 


A Benign Form of Osteomyelitis of the Spine. Alan 
De Forest Smith. Jour. Am. Med. Assn., July 29, 
1933, CI, 335-337. 

Sixteen cases have been collected from the records 
of the New York Orthopedic Dispensary and Hospital 
or by orthopedists of recognized standing elsewhere 
One other was seen in consultation. The vertebral 
bodies were involved in 14 and the posterior arches in 
three. The average age at the onset of the infection 
was 29.5 years. The lesions extended from the fifth 
dorsal to the fifth lumbar vertebra and tended to be 
grouped in the mid-dorsal or the mid-lumbar region. 
One patient had two separate foci of infection in the 
spine and another had three. These infections com- 
monly follow others in different parts of the body for 
which the patient has been confined to bed, and when 
backache is complained of it is thought to be from some 
unimportant cause and no more attention is paid to it. 
In 11 of these a diagnosis of tuberculosis of the spine 
was made. Suspicion that these lesions were caused 
by some other infection was aroused by the fact that 
they followed, or in one or two cases preceded, pyogenic 
lesions in other parts of the body. The diagnosis was 
further supported by evidence of a productive bone 
reaction about the lesion and tendency for early bony 
ankylosis of the bodies. The onset was sudden in 13 
cases and gradual in four. In all, pain (not relieved by 
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rest) was the outstanding symptom. One of the 
earliest evidences of osteomyelitis in the roentgeno- 
gram is a thinning of the intervertebral disc. A slight 
haziness and indistinctness of the bone structure also 
may occur quite early. A fusiform paravertebral 
abscess shadow is to be seen in the roentgenogram. 
Somewhat later, productive bone changes usually are 
seen about the periphery of the bodies and across 
the margins of the intervertebral space. There is a 
strong tendency for bony fusion of the bodies to take 
place. This mild form may easily be mistaken for 
tuberculosis. 
C. G. SUTHERLAND, M.D. 


THE THORAS 


Tularemic Pneumonia: Report of Case. James R. 
Gudger. Jour. Am. Med. Assn., Oct. 7, 1933, CI, 
1148-1150. 

This is a report of a case that terminated fatally, 
though two cases have been reported in which the 
patient recovered. Fourteen fatal cases, with post- 
mortem observations, have been reported. Twelve 
out of thirteen showed intrathoracic lesions of tula- 
remia: eight of the thirteen showed definite inflam- 
matory processes of pneumonia. Various authors 
estimate the mortality of all cases of tularemia to be 
about 4 per cent. The exact route by which the in- 
fection reaches the lungs, whether through the blood 
stream, lymphatic channels, or the respiratory passages, 
is unknown. 

C. G. SUTHERLAND, M.D. 


The Roentgen Appearance of Edema of the Lungs; 
A Contribution to the Pathogenesis of Edema of the 
Lungs. Erich Zdansky. R6ontgenpraxis, April, 1933, 
V, 248-253. 

Roentgenologic examination shows that acute edema 
of the lungs attacks preferably portions of the lungs 
which are used more extensively for breathing and 
which have a more active arterial circulation. The 
transudate on the other side, based on passive con- 
gestion, is most often seen in the parts of the lungs 
which are used for breathing to a lesser extent and in 
which blood and lymph circulation is slowed down. 
Factors which determine the resorption of fluid from 
lung tissue (lymphatic system) seem to influence the 
accumulation of edema and transudate. Roentgen 
examination shows that the portions of the lung which 
are free from edema may show no signs of passive 
congestion, a fact which helps to indicate that other 
factors beside circulatory disturbances are the basis for 
edema of the lungs. It is occasionally possible to de- 
tect a clinically latent, slowly developing edema by 
roentgenologic examination. The roentgen appearance 
of edema of the lungs is anatomically based on the 
filling of alveoli with transudate and by the edematous 
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swelling of the interstitial tissue; it changes according 
to the predominance of the one or the other factor. 
A few cases are reported. 

H. W. HEFKE, M.D. 


TUMORS (THERAPY) 


in the Treatment of Intrathoracic 
Strahlentherapie, 1933, 


Experience 
Tumors. R. Gantenberg. 
XLVII, 426. 

The author reports his observations on 16 cases of 
primary bronchiogenic carcinoma: 2 metastatic 
mediastinal carcinoma, 1 primary lung sarcoma, and 1 
in the mediastinum (probably metastatic from struma 
or thymus). The treatment was given in series through 
three or four fields with 180 K.V., 4 ma., 0.5 mm. Cu 
+ 1.0 mm. Al, 50-80 per cent H.E.D. to each field in 
each series. Repetition of the series after from six to 
eight weeks. In one case the Coutard method was 
used. In 5 out of 20 cases, a definite improvement 
was obtained. In some, the process came to a standstill 
for a period of years. This is a result which should lead 
one to give radiation therapy a trial in every case. 

Ernst A. PoHLe, M.D., Ph.D. 


The Separate Position of the ‘‘Granulosakarzinom”’ 
of the Ovarium (Ovarialblastoma) from the Clinical, 
Histological, and Radiotherapeutic Standpoints. H. 
O. Kleine. Strahlentherapie, 1933, XLVII, 326. 

The author reports 12 cases of ‘‘granulosakarzinom”’ 
(both of ovary) which were characterized by a con- 
tinued function of the granulosa-epithelium. This 
manifests itself in stimulation of growth in breasts, 
myometrium, mucous membrane of the tubes and of 
the endometrium. The youngest case in the author’s 
series was 3 years, 6 months old. Because of the 
histologic character of the cells the tumors are highly 
radiosensitive. 

Ernst A. Ponte, M.D., Ph.D. 


Results of Radiation Therapy in Carcinoma of the 
Uterus. H. Eymer. Strahlentherapie, 1933, XLVII, 
119-124. 


The author presents in a number of tables the end- 
results obtained in the radiation treatment of carci- 
noma of the uterus at the Women’s Clinic, University 
of Heidelberg. During 1913-1932 a total of 893 cases 
of carcinoma of the cervix and 216 of carcinoma of the 
fundus were seen. For five-year statistics, 587 carci- 
nomas of the cervix and 115 carcinomas of the fundus 
could be used in this report. Data on mortality and on 
radiation injuries are also given. The author has the 
impression that results of irradiation in carcinoma of 
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the cervix have improved during the last years. 
He also feels that further technical improvements are 


possible. 
Ernst A. PoHLE, M.D., Ph.D. 


Roentgentherapy of Malignant Tumors with Short 
Focal Skin Distance. H. Chaoul and A. Adam. 
Strahlentherapie, 1933, XLVIII, 31-50. 

In a well illustrated article, accompanied by tables 
with detailed clinical data, the authors report the 
results obtained by treating malignant tumors with 
heavily filtered rays (180 K.V., 0.5 Au) at short dis- 
tance (8 cm. F.S.D.) and high doses (8,000 r in 21 days). 
Although only 25 months have elapsed since the first 
case was treated and no final conclusions can be offered, 
the results appear to be so encouraging that investiga- 
tion of this method by other workers is recommended. 
The advantage of this method in comparison with 
radium implantation of, for instance, tumors of the 
floor of the mouth, is seen in the avoidance of the 
danger of infection. 

Ernst A. Ponte, M.D., Ph.D. 


Experimental Tumors and Their Significance for the 
Study of Roentgen Effects, with a Contribution as to 


RADIOLOGY 


the Systemic Effect of Roentgen and Radium Rays, 
H. G. Zwerg. Strahlentherapie, 1933, XLVII, 485. 

The author discusses the value of experimental 
tumors in radiation research. He briefly reports his 
own experiments, undertaken on rats, with the Jensen 
sarcoma. If from 190 to 360 r were given over the 
entire body, the tumor grew rapidly as compared with 
the untreated controls. If only from 90 to 120 r were 
applied, there was little or no difference between 
treated and untreated animals. Radium exposure 
gave essentially the same results. A definite influence 
of the time factor could be detected. 

Ernst A. Pont, M.D., Ph.D. 


WOUNDS (THERAPY) 


The Process of Healing in Inflammations under the 
Influence of Roentgen Rays. J. Tannenberg and L. 
Bayer. Strahlentherapie, 1933, XLVII, 408. 

The author exposed one-half of skin wounds in 
rabbits with roentgen rays and found that healing 
is accelerated by the exposure. This effect is seen even 
if the wound is made from 3 to 20 hours after the 
exposure. The inflammatory process is not decreased 
by irradiation but merely accelerated; it starts earlier 
and leads to healing in a shorter time. The mechanism 
of the process is discussed in detail. The doses used 
amounted to 400 r (170 K.V., 0.5 mm. Zn). ; 

Ernst A. Pon.e, M.D., Ph.D. 








